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In the past, emphasis in the breeding of cross-pollinated 
forage grasses has been primarily on improvement of forage 
characteristics. Even though this group of plants is propa­
gated chiefly by seed, little attention has been given to 
breeding for improvement of seed production. In the case of 
smooth bromegrass, Bromus inermis Leyss, the strains of south­
ern origin used in this region are superior in forage produc­
tion to strains of northern origin but they have often been 
shown to be no better or even inferior in seed production (48) 
(72). In the present study material derived from southern 
strains was investigated to provide information bearing on 
the practical question of whether it is possible to obtain 
lines of bromegrass superior in seed as well as in forage 
production. 
The topcross performance of 18 Sq clones of bromegrass 
and 10 S]_ selections from each together with that of 13 elite 
Sq clones and nine varieties and synthetics was considered in 
order to obtain data on the various aspects of inheritance of 
combining ability for seed yield and its components : panicle 
number, fertility and seed weight. Specific objectives were 
to determine: 
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a. Extent of variation for combining ability for seed 
characteristics, 
b. Inheritance of combining ability for seed charac­
teristics. 
c. Degree of relationship between seed yield and each 
of its components. 
do Predictive value of parental clone seed character­
istics for combining ability for the same traits as 
measured by SQ and topcross progenies. 
e. Relationship between Sq and S-j_ topcross progeny per­
formance and that of standard check varieties as an 
aid in the selection of lines for creation of new 
synthetics, 
f. Relationship between seed characteristics and pre­
viously studied forage characteristics of the same 
topcross progenies. 
Experimental results and discussion of their possible 
relationship to breeding for improved seed production are 
presented. 
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REVIEW OF LITERATURE 
Intensive forage breeding, in particular the breeding 
of perennial forage grasses, is a relatively recent develop­
ment. However, several general but extensive literature re­
views have been presented. One of the first of these was 
given by Johnson (32) in 1951» The latest and most thorough 
reviews in this area of research were presented in 1956 by 
Hanson and Carnahan (18) and Smith (67) who discussed nearly 
all phases of perennial forage grass breeding. Newell and 
Keim (60) traced the origin, history and introduction into 
the North American continent of both northern and southern 
types of bromegrass, while Hawk (21) extensively reviewed 
literature dealing with history, production and breeding of 
bromegrass. The present survey is confined primarily to seed 
production, combining ability and character relationships as 
related to the breeding of bromegrass. 
Seed Production 
It has been shown that various cultural practices can 
greatly increase bromegrass seed production. For example, 
bromegrass grown in rows was found in one experiment (42) 
to produce 38 percent more seed than when grown in solid 
stands. Metcalfe (55) reviewed the literature on the effect 
of nitrogen on bromegrass seed production. In his own work, 
he found that seed yield of bromegrass was appreciably in­
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creased when nitrogen was applied in either fall or spring 
applications of up to 80 pounds of nitrogen per acre annually. 
The primary factor influencing seed yield was the increased 
production of panicles. Seed yield increased as the panicle 
number increased even though addition of nitrogen decreased 
the percentage of fertile florets. Enowles and Cooke (47) 
and Buller jet al. (4) in later studies have also shown the 
beneficial effects of nitrogen on seed yield. 
The literature up to 1947 on the cytogenetics and breed­
ing of forage crops and on the cytology and genetics of for­
age grasses was comprehensively reviewed by Atwood (2) and 
Myers (58), respectively. Smooth bromegrass, 3. inermis, com­
monly has 2n=5& chromosomes, but lines with 2n=42 and 2n=70 
chromosomes have also been reported (44). A high frequency 
of multivalents and univalents are common in many bromegrass 
lines while a majority of the chromosomes pair as bivalents 
in other lines (3). Irregular cytological behavior of brome­
grass may or may not have an effect on seed production in 
specific lines or crosses. Cheng (6) obtained a negative cor­
relation between number of micronuclei and seed set. Elliot 
(10) also found that strains with few micronuclei had high 
seed set while strains with many micronuclei were low in seed 
set. Taylor (71) and 'Zeiss, et al. (76) found a high corre­
lation between temperature and meiotic irregularity. Leffel, 
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et al. (49) pointed out that some relationship has been found 
to exist between seed set and extreme meiotic irregularity, 
but much of the variation is not accounted for by meiotic 
disturbances. 
Assuming favorable environmental and cytological condi­
tions, seed yield is the result of a complex genetic system. 
If, as stated by Frankel (11), a character such as seed yield 
can be broken into components the components may then afford 
a clearer genetic picture than does the complex primary char­
acter. Sufficient break-down of characters would tend to sim­
plify, or make possible, a genetic analysis. Hazel and Lush 
(25) in studying net merit, or a character made up of several 
components, compared three methods of breeding. These three 
methods were: the tandem method, which involves selection 
for one component at a time, the total score method, which is 
the selection for all components simultaneously, and the cull­
ing method where all individuals below a previously specified 
level for any of the components are eliminated. Considering 
n equally important and uncorrelated traits, the total score 
method of breeding was found to be /nT times more efficient in 
improving the complex primary character than the tandem 
method. For any one component, however, the progress made by 
the total score method was only l/V~n times as efficient as 
tandem selection for one specific component in the same period 
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of time. The culling method was found to lie in between 
the other two methods in efficiency. It was pointed out that 
in order to use the total score method the following things 
had to be known: 
a. Economic value of each component. 
b. Heritability of each component. 
c. Genetic and environmental correlation of each com­
ponent with the other. 
The major components which are generally considered to 
determine seed yield in bromegrass are panicle number, seed 
size and proportion of fertile florets per panicle, Raeber 
and Kalton (63) concluded that the two primary components of 
seed yield are number of inflorescences per unit area and per­
centage of fertile florets per open-pollinated inflorescence. 
Metcalfe (55) concluded that panicle number was the most im­
portant component of seed yield with percentage of fertile 
florets being of relatively minor importance. Lowe and Murphy 
(52), using space-planted clonal material, obtained the follow­
ing correlations: Tip» 
Viable seeds per plant and: 
Seeds per head 0,8? 
Florets per head -0.41 
Spiklets per head 0.09 
Florets per spiklet -O.36 
7 
Percent fertile florets 0.94 
Seeds per spiklet 
Seed heads per plant 
0.90 
0.13 
Percent fertile florets was apparently the best index of 
a cloneTs seed-producing ability. This conclusion was based 
on the very low environmental variance exhibited by this char­
acter as well as on the high "r" value obtained. 
Seed size was shown to be an important component of 
yield in wheat by Kiesselbach and Helm (40) in 1917. Sines 
that time it has been generally assumed that seed size has a 
high positive relationship with seed yield in other grass 
species, but evidence on this point is lacking. It has been 
demonstrated, however, in several experiments that in the 
grasses a high positive correlation exists between seed size 
and seedling vigor (43) (65). 
The importance of breeding for high combining ability 
for important traits has been emphasized by a number of work­
ers. Kirk (41) stated in 1933 that, "The progeny test pro­
vides the only reliable method of evaluating the breeding 
potentialities of parent plants." Kalton, et _al. (30) in 
1935 summed up the importance of combining ability by saying 
Combining Ability and Its Evaluation 
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that "It is only the heritable variability - considering com­
bining ability as the relative capacity to transmit desirable 
germplasm to the hybrid offspring - that can be used to effect 
genetic progress". Johnson (31) believed, however, that of 
all traits superiority in combining ability may be the most 
difficult to attain due to complexity in measurement, low 
heritability and possibly low gene frequency. 
Much of the knowledge concerning combining ability and 
its evaluation has come from studies conducted on corn» 
Sprague (69) reviewed the history of corn breeding, including 
early studies on and evaluation of both general and specific 
combining ability. Extensive reviews on evaluation of com­
bining ability have been presented by Johnson (31), Kalton, 
et al. (38), Davis (9) and Know les (46). Therefore, a de­
tailed discussion of history and development of tests for 
combining ability will not be presented here. 
Progeny testing, the evaluation of selected plants for 
combining ability for a particular trait, would be unneces­
sary if progeny performance could be predicted by observa­
tion and study of the parental plants. In a survey of lit­
erature on this subject the general conclusions seem to be 
that the relationship between parent and progeny for many 
traits is extremely low or nonexistent while for other traits 
the parent-progeny correlation is high and in a positive di-
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rection. "'"ilsie, et al. (77) reported correlations of 0.34 
and 0.29 in the first and second year after planting, re­
spectively, for yield of forage between parental clones and 
their topcross progeny in alfalfa. In orchardgrass high 
positive correlations were reported by Teiss, et al. (76) be­
tween parental clones and their open-pollinated progenies for 
leaf width, panicle number and winter survival. Correlations 
were low for lateness and no association could be demonstrated 
for leafiness or forage yield. When comparing clones with their 
mean single-cross performance the only high positive correla­
tion was for winter survival, while a very low correlation was 
found in the case of forage yield. Other traits studied 
showed intermediate parent-progeny relationships. McDonald, 
et al. (54) found parent-progeny correlations for panicle pro­
duction in bromegrass of 0.26 and- 0.57 for SQ and S]_ and for 
Sq and O.P. progeny comparisons, respectively. The latter was 
significant at the 5 percent level. In a regression analysis 
Knowles (46) obtained regression values of .05 to .11 for seed 
production of open-pollinated progeny on their parental clones. 
Guenther (17) states that yield of a clone in space plantings 
is not an accurate index of the combining ability of that 
clone. In studies by Kalton £t a_l. (36), on orchardgrass, 
clonal performance was of least value in predicting combining 
ability. 
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Hawk and vfilsie (22) found that, in general, high yield­
ing clones tended to produce high yielding open-pollination 
progeny. Hawk (21) presented an extensive review of parent-
progeny relationships in bromegrass obtained by use of several 
types of progeny tests. Various progeny tests for the evalua­
tion of combining ability are currently being used. 
Early studies in corn correlated the results obtained in 
topcross progeny tests to those obtained from the mean of a 
number of single crosses. Jenkins and Brunson (30) in one 
such study found generally high positive correlations for all 
characters tested. They concluded that the preliminary test­
ing of new lines could be accomplished by using a commercial 
variety as a tester. Johnson and Hayes (34) came to the same 
conclusion in an experiment on sweet corn in which variety 
topcross testers were found to be entirely suitable for test­
ing for combining ability, although an inbred topcross tester 
was not capable of properly evaluating lines for combining 
ability. In alfalfa Tysdal and Crandall (73) found that rank­
ing of clones for the characters studied was almost the same 
regardless of whether polycross, topcross or mean single-
cross progeny tests were utilized. Kalton, et _al. (38) used 
the topcross test for evaluating general combining ability in 
orchardgrass. Reasons for using topcross progeny tests in 
preference to open-pollination, polycross, single-cross and 
inbred progeny tests were listed as follows: 
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a. A large number of lines can be tested. 
b. Mechanics of growing and harvesting are simpler. 
c. Date of bloom is not so critical. 
d. Random pollination with the common tester is likely 
to be obtained. 
e. Wide spacing of plants to insure crossing with a 
common tester is possible. 
Know les (45) prefers open-pollination progeny tests. In 
an experiment conducted in 1950, he found that topcross progeny 
tests for yield in bromegrass were not satisfactory in evalua­
ting combining ability. However, presence of self-fertility 
in certain bromegrass selections hindered interpretation. In 
a later test on forage yield Knowles (46) obtained an average 
correlation of 0.79 between open-pollination and topcross 
progeny tests. He concluded that if topcross performance can 
be considered a good index of combining ability then open-
pollination progenies can also be used for screening selected 
bromegrass plants. Johnson and Hoover (36) in experiments on 
evaluation of combining ability in sweetclover found that 
polycross progeny yields were highly correlated with open-
pollination progeny yields. Adams (1) and Hittle (27), in 
recent studies on randomness of pollination among selected 
bromegrass clones under conditions of open pollination, both 
concluded that there appears to be a selection of pollen and 
that pollination is not random. Johnson (31) concluded in 
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his review of the subject that the relationship between out-
cross progeny performance and cross performance has gener­
ally been found to be positive, but that methods of evalua­
tion often have not been adequate. 
Inheritance of Combining Ability 
Of course the ultimate proof of the reliability of any 
and all progeny tests is whether or not the synthetics derived 
from lines shown to have high combining ability are superior 
to synthetics derived from lines shown to have low combining 
ability. Johnson (31) felt that the most critical need in 
forage crop breeding was for more information on relation­
ships between combining ability and synthetic yields. If a 
close correlation were found between predicted yields of syn­
thetics based on progeny testing and their actual yields, it 
would not only prove the utility of progeny testing but would 
also indicate that combining ability is a heritable trait. 
Prior to 1952, Hayes and Johnson (23) obtained data in studies 
on corn which led them to the conclusion that combining abil­
ity was an inherited character. Johnson and Hayes (35) , using 
a variety as a topcross tester, determined the combining abil­
ity of a group of inbred lines. Single-crosses (made up on 
the basis of the topcross test) of high x high, high x low and 
low x low combining lines gave evidence indicating that lines 
with high combining ability are obtained more frequently from 
crosses between inbreds having high combining ability than 
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from crosses between inbreds having low combining ability. 
CowanTs (8) results, also in corn, were almost identical. In 
a similar study by Green (13) thirteen inbred lines of corn 
were crossed in all combinations. On the basis of their av­
erage single-cross yield, two high and two low combining in­
bred lines were selected far further study. Crosses between 
high x high, high x low and low x low combining inbred lines 
were obtained. In addition, topcrossed progenies from each 
of these single-crosses and topcross progenies of each single-
cross resulted in mean yields in bushels per acre as follows : 
Mean topcross Testers x 
Type of cross performance Single- single-
of Fg plants crosses crosses 
High x high combining lines 73.6 80.0 70. 5 
High x low combining lines 72.0 72.4 70. 6 
Low x low combining lines 68.0 58.4 69. 4 
As in the tests of Johnson and Hayes (35) and Cowan (8), the 
high x high and high x low crosses were not significantly 
different although desirable Fg segregates were more fre­
quently encountered in the high x high cross than in the high 
x low cross. The low x low cross was significantly below 
the high x high and high x low crosses. These results indi­
cate that combining ability is a heritable character. Kalton 
and Leffel (37) working on orchardgrass, obtained the follow­
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ing results : 
Progeny test 3 single- 9 single- 3 single-
Character used to crosses crosses crosses 
classify (high x high)(high x low)(low x low) 
Panicle Ho. Polycross 82.6 33.8 23.4 
Topcross 79.7 50.2 26.1 
Forage yield Polycross 5.07 4.86 4.19 
(lbs.) 4.99 4.74 4.24 
This test not only showed that outcross progeny tests pre­
dict single-cross results but also that combining ability is 
a heritable trait. 
Tysdal and Crandall (73) working with alfalfa reported 
the earliest comparison of yield of a synthetic to combining 
ability of the lines making up that synthetic. A synthetic 
made up of lines shown by progeny tests to be low in combin­
ing ability yielded 29 percent less than a synthetic made up 
of high combining lines. A relatively recent study by Johnson 
and Hoover (36) on sweetclover demonstrated a very close as­
sociation between actual and expected synthetic yields. 
Knowles (46) formed five synthetics on the basis of open-
pollination progeny tests. Two of these synthetics were sig­
nificantly better in forage yield and all were significantly 
higher in seed production when compared to a check. Davis (9) 
compared the forage yield of three 4-clone synthetics of 
alfalfa, the average clonal yield of the four lines constitu­
ting the synthetic and seeded polycross progeny yields of 
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these lines. The results he obtained were : 
Parental clone 
Synthetic yield 
(lbs. per plant) 
Polycross yield 
(lbs. per eight Synthetic yield 
plants) (tons per acre) 
A 1,38 18.0 4.33 
3.76 B 1.41 14.9 
18.2 C 1.27 4.59 
Davis (9) concluded that the yield of a synthetic could be 
predicted on the basis of the polycross progeny test but not 
on the basis of the clone itself. G-ratoman (12) stated that 
many investigators working with a wide variety of cross-
fertilized species have shown combining ability to be a 
heritable character. 
In addition to the above evidence of inheritance of com­
bining ability Grissom and Kalton (16) pointed out that anoth­
er criterion for determining that combining ability for a 
specific character is inherited is the demonstration of sig­
nificant differences among progenies within a population re­
sulting from outcrossing to a common tester stock. They found 
such differences for forage yield, spring vigor score, leaf 
disease infection and leafiness percentage. Lonnquist (51) 
believed that inheritance of combining ability indicates that 
it is governed by many genes with small individual effects 
and that the rate of improvement of a line for combining abil-
lé 
ity depends upon the genetic variation for that trait. An ex­
cellent method of selection for a complex trait such as com­
bining ability would appear to be the use of a recurrent se­
lection program where the decrease in genetic variance is 
relatively slow. In line with this idea, Johnson (33) re­
ported that in two cycles of recurrent selection for combining 
ability for yield in sweetclover there was a significant gain 
in forage yield, but no apparent reduction in variation in 
combining ability for yield among plants after one or two cy­
cles of selection. 
In order to realize genetic progress for combining abil­
ity for a particular character, that character must not only 
be heritable but must also exhibit genetic variation and seg­
regation. Kalton et |il. (38) found variation for combining 
ability for all characters studied in experiments on orchard-
grass. Research by Heinrichs (26) on Agropyron intermedium 
showed significant differences among plants for combining 
ability for seed setting ability. Variability for combining 
ability in forage yield in bromegrass was found by Hawk and 
Wilsie (22). They also noted that although segregation for 
combining ability was present only a few of the open-pollinated 
progenies from 78 clones exceeded the mean of the population. 
Knowles (43) found sufficient inter-plant variation in com­
bining ability to warrant selection in open-pollinated strains 
for this trait. 
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Hoover (28), in a study of the topcross progeny of eight 
So sweetelover plants and the topcross progeny of ten Sj 
plants from each, found significant differences among SQTS, 
and evidence of segregation among S]_ progeny in two of the 
eight families. In another experiment in sweetelover, Johnson 
and Hoover (36) conducted a polycross progeny test of four S-j_ 
plants within each of seven high combining lines. Signifi­
cant differences in combining ability were found in three of 
the seven lines. This led to the conclusion that it may be 
advantageous to test individual plants in the S% generation to 
capitalize on the apparent segregation for levels of general 
combining ability before the final selection of plants to be 
included in a synthetic variety. G-rissom and Kalton (16), 
working with bromegrass, found no differences for combining 
ability for forage yield or leafiness among eighteen SQ fami­
lies. Over all families, however, they did find highly sig­
nificant differences among topcrosses of S^ selections within 
families which is an indication of segregation for combining 
ability. In a topcross test segregation for combining abil­
ity for forage yield was indicated among ten S^_ selections 
within each of six families in 1954-, within five families in 
1955, and within three families on a two-year mean basis. 
Segregation for combining ability for spring vigor, leaf 
disease and leafiness percentage was indicated in ten, one, 
and seven families, respectively. Results for forage yield 
suggested that selfing was not a desirable method of increas­
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ing combining ability for this trait since only one family 
produced segregates which were significantly higher in com­
bining ability for forage yield than the topcross progenies 
of the Sq clone. Four families gave segregates significantly 
lower in combining ability for forage yield than the respec­
tive SQ topcross progeny. 
Warner (75) reviewed the early history and subsequent 
development of heritability estimates. Robinson et al. (64) 
presented a review of the literature concerning heritability 
up to 1949. Burton (5) reviewed the heritability estimates 
found in forages by various workers. Hawk and Wilsie (22), 
working with bromegrass, obtained parent-progeny correla­
tions and regressions as follows : "b" "r" 
0. P. progeny on SQ 0. P. progeny .48 .56 
S2 0. P. progeny on S^ 0. P. progeny .79 .49 
G-rissom and Kalton (16) found parent-progeny regressions 
and correlations as follows : 
"b" "r" 
Forage yield on a two-year mean basis .48 .65 
Spring vigor score .46 .45 
Leaf disease score .16 .42 
Leafiness percentage .19 .31 
It was pointed out that the split-plot design used, having 
Sq and S^ progeny as subplots, would tend to increase the 
correlation due to like environment. 
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.inbreeding and Combining Ability 
The effects of inbreeding per se and selection during 
inbreeding on combining ability also are important. As point­
ed out by Sprague and Miller (70) there are two points of 
view concerning the value of developing long-time inbred 
lines in corn. The first is that long-time inbreds are re­
quired for maximum yields and visual selection for combining 
ability is effective in isolation of superior lines during the 
inbreeding process. The second is that long-time inbreeding 
is a convenience for propagation and not a necessity for high 
combining ability. If the gene frequency for combining abil­
ity for a particular trait is .5 in a non-inbred population, 
it will also be .5 in the average of a large group of long­
time inbreds obtained from the same population. 
Jenkins (29) stated that inbred lines acquired indi­
viduality for combining ability very early in the inbreeding 
process and remained relatively stable under further inbreed­
ing. Sprague (68) believed that all available data indicated 
that possibilities for selection of more desirable plants is 
much greater among than within lines and therefore, that Sq 
plants should be progeny tested to determine their combining 
ability. Inferior plants could then be discarded before enter­
ing the inbreeding program. Singleton and Nelson (66) took 
the opposite point of view and recommended that tests for com­
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bining ability not be made in the early generations of in­
breeding. Hanson et- a_l. (19) in 1952 studied the relationship 
of the combining ability of Sq plants with the combining abil­
ity of their S4 lines in orchardgrass. The average correla­
tion coefficient of the polycross progenies of the Sq and S4 
lines was 0.67. Segregation was observed for combining abil­
ity during the inbreeding process with significant differences 
being found within families. Lines performing above and below 
their open-pollinated parental clone were obtained. 
Hawk and T'ilsie (22) found no evidence that combining 
ability for yield in bromegrass had been improved by visual 
selection within inbred lines. Osier et al. (6l) in 1958 re­
viewed previous studies on this subject and presented data 
showing that visual selection in the inbreeding process in corn 
had improved yield, plant appearance and ear appearance in 57 
percent, 41 percent and 60 percent, respectively, of the hybrid 
combinations. Visual selection was effective in introduced 
lines but less effective in local lines. Lonnquist (50) ob­
served that the combining ability from Sq to S4 was constant, 
on the average, in each generation. It was found possible, 
however, to select high and low combining lines in each gener­
ation and thereby greatly change the level of combining abil­
ity. Conclusions were drawn that almost all published data 
indicates segregation for yield and other traits in the in­
21 
breeding process, but that it is doubtful if the good and poor 
segregates for most traits can be distinguished without prog­
eny t esting. 
Kalton et al. (39) working on orchardgrass found that 
some inbred lines were superior in one or a few traits but 
none was superior to the SQ in all desirable characteristics. 
It was concluded that self-pollination might be used to evalu­
ate breeding material and to isolate valuable material as a 
result of segregation in the process of inbreeding. Murphy 
and Atwood (57) added a third use for selfed lines which is 
the development of synthetic varieties through isolated seed 
increases of one or more superior families. They found 25 of 
92 S]_ families were equal or superior to Fis cher, the check 
variety, for height, hay vigor and aftermath vigor. Hayes 
and Schmid (24) isolated several inbred lines of bromegrass 
yielding 120 to 130 percent as much as the commercial check. 
The majority of the studies on inbreeding in grasses have 
shown pronounced inbreeding depression in the inbred lines 
(54)(59). Myers and Hill (59) found that inbreeding greatly 
decreased seed yield and increased the incidence of unpaired 
chromosomes at Metaphase I. Ching (7) presented an extensive 
review on the effects of inbreeding and on the high correla­
tion commonly found between self and cross-fertility. 
Hoover (28), in comparing the open-pollinated progenies 
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of SQ * s with the mean progeny performance of S^ lines, re­
ported no significant difference between SQ progeny and mean 
progeny performance. Grissom and Kalton (lé), however, 
found that the Sq topcross progenies were significantly higher 
than the mean of their S-]_ topcross progenies for disease sus­
ceptibility and forage yield. The Sq vs. Sj_ x families inter­
action was also found to be significant, indicating that all 
families failed to perform uniformly with respect to effects 
of inbreeding on combining ability. 
Correlations 
Kalton et al. (38) have reviewed the literature pertain­
ing to correlations between methods of planting as well as 
that dealing with interseasonal and intercharacter correlations. 
In regard to methods of planting there is disagreement in the 
literature, but in general the correlations between results 
in spaced and solid plantings are usually quite low. Murphy 
(36) also presented a review of literature on this subject. 
G-rissom and Kalton (lé) in 195& reported low and variable 
correlations between methods of evaluation of parental mater­
ial grown in different years and tests. The interannual cor­
relation for forage yield for 220 entries in a topcross test 
was 0.39. Kalton, et al. (38) reported interannual correla­
tions ranging from 0.34 to 0.70 for panicle number for 20 
orchardgrass clones tested for three years in a tiller bed 
nursery. 
Lowe and Murphy (52) noted in correlating seed yield 
with forage yield in bromegrass that plants superior vegeta-
tively were often quite poor in seed production. Tysdal and 
Kiesselbach (74) found a low but positive relationship be­
tween seed yield and forage yield in alfalfa. Harrison and 
Crawford (20) working with bromegrass found a highly signifi­
cant correlation of 0.81 between seed yield and forage yield. 
Grennell (14) reviewed the literature pertaining to 
phenotypic and genotypic character correlations. He found 
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0 .82  
0.82 
0.74 
These results indicate a strong relationship between 
fertility and seed yield in spaced plantings. 
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MATERIALS AKD METHODS 
Origin of Plant Materials 
In 1944 Dr. C. P. Wilsie established a space-planted 
source nursery of from 4500 to .5000 bromegrass plants. Seed 
for this nursery was obtained from open-pollinated plants of 
the varieties Fischer, Achenbach and Lincoln. Each variety 
was represented by approximately the same number of plants in 
the nursery. During the years 1945 and 1946, from 500 to 600 
of these spaced plants were selected as being high in disease 
resistance, erect in growth habit, moderate in spreading 
habit and superior for other traits which could be evaluated 
by visual observation. In the summer of 1946 self- and open-
pollinated seed from the 500 to 600 selected plants was col­
lected. Of these selected plants only 252 set sufficient 
self- and open-pollinated seed to allow them to be included 
in an open-pollination progeny test which was planted in the 
fall of 1946. 
On the basis of forage yield data collected from the 
open-pollination progeny test in 1947 and 1948 by Guenther 
(17), 40 clones were selected which represented the entire 
range for forage yield. In 1949 these 40 clones, along with 
their S-j_ and open-pollinated progenies were space-planted in 
a three replicate, split-plot design with families as whole 
plots. Each plot was made up of two Sq clonal pieces, 13 S^ 
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and 13 open-pollination progeny plants. Data from this test 
on an individual plant basis for green weight of forage, fall 
and spring vigor, leafiness, panicle score, height and spread 
were reported by McDonald (53). 
In 1950, 20 of the 40 Sq clones studied by McDonald (53), 
plus 20 S-j_ plants ( selected only on the basis of their vigor 
in the year of establishment) from each family, plus 40 addi­
tional especially promising SQ plants, were established in a 
spaced topcross nursery. The variety Fischer, seeded in alter­
nate rows, was used as the common pollinator. The SQ and S]_ 
plants were separated, each group being laid out in a random­
ized complete block design containing three replications with 
each replication consisting of a single plant per plot. 
Raeber (62) obtained material for his fertility analysis by 
collecting two panicles from each of the spaced plants in the 
topcross nursery. At this time numbers were assigned to each 
of the spaced SQ clones in the topcross nursery. All plants 
tracing back to Lincoln were numbered from 352 to 450, to 
Fischer from 455 to 530 and to Achenbach from 533 to 578. 
Topcross seed was obtained by bulking equal weights of seed 
from each replication in the nursery. 
In the spring of 1952 the topcross progeny test, from 
which the data used in the present study were collected, was 
established. This test was made up of topcross progenies of 
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18 of the 20 SQ clones which had S^ progenies in the topcross 
nursery, along with 10 topcross progenies from each of the 
18 selected SQ's. Two families were not used due to lack of 
sufficient topcross seed. From the 20 original S^ plants in 
the topcross nursery 10 were chosen as parental material by 
selecting the two best S]_ plants plus eight others which rep­
resented the range for forage characteristics in McDonaldTs 
(53) study. Thirteen SQ topcross progenies from the other 40 
superior SQ clones in the topcross nursery along with nine 
varieties and synthetics were also included in the topcross 
progeny test to make a total of 220 entries. 
The topcross progeny test was solid planted in a split-
plot arrangement with families as whole plots and each SQ and 
its S]_ topcross progenies as subplots. The S0 and the 10 S^ 
topcross progenies were randomized within each whole plot. 
The additional 13 SQ topcross progenies and the nine varieties 
and synthetics were placed in two whole plots. Subplot size 
was 5x8 feet with whole plot size averaging 27g x lé feet. 
Five replications of the test were planted with replications 
one through four being 80 x 110 feet and the fifth replication 
being 55 z l60 feet. Each subplot was bounded on all sides by 
a drilled row of alfalfa. 
The topcross progeny test was established in the spring 
of 1952 with oats as a companion crop. In 1953 the test was 
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kept clipped and no records taken due to a severe infestation 
of volunteer sweetc lover. In 1954 yield data were recorded 
for a single cutting. In 1953 two cuttings were made and for­
age yield data recorded. Other characters studied in 1954 
were spring vigor, leafiness and leaf disease. Data on forage 
traits in this test were summarized by G-rissom and Ka It on (lé). 
Nitrogen was applied at times and approximate rates as 
follows : 
Date of application Pounds of N per acre 
June, 1953 50 
March, 1954 80 
March, 1955 80 
June, 1955 50 
March, 1956 85 
March, 1957 80 
Approximately 80 and 40 pounds of PgO^ and EgO, respectively, 
were applied in March of 195é and 1957. 
Characters Studied and Methods of Evaluation 
Seed yield and three characters assumed to be important 
components of seed yield (panicle number, fertility and seed 
weight) were studied. 
Prior to panicle harvesting and before panicle counts 
were made, plant material in an 18 inch strip on both ends of 
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each subplot was removed by cutting a swath 36 inches wide 
centered on the row of alfalfa separating the subplots. From 
this alleyway panicle counts in 1956 were taken by placing at 
random in the subplot a 2 x 2-foot square wooden frame. The 
number of panicles within the 4 square-foot area was recorded. 
In 1957 counting was similar but a metal square was used which 
was 1.5 x 1.5 feet square and open on one end. The 1957 data 
was converted to an equal area basis with 1956 data by multi­
plying by 1.778. 
Seed yield data was obtained by harvesting a 3 x 5 foot 
area within each subplot. Rectangular metal frames (open at 
one end) with sides about six feet long and with ends three 
feet wide were inserted into the subplots. Since three feet 
had already been removed in cutting out alleyways the frame 
consequently enclosed only a 3 x 5 foot area from the original 
5x8 foot subplot. The frame was inserted as nearly in the 
center of the plot as possible to avoid any border effect. 
All of the panicles within the area enclosed by the frame were 
harvested, threshed, cleaned and weighed. Care was taken dur­
ing all of these operations to handle each subplot sample in­
dividually and separately. Seed yield was recorded as the 
weight of clean seed expressed in grams per 15 square feet. 
Immediately before the subplots were harvested a five 
panicle sample was taken from each of the subplots. Pani­
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cles were selected at random and clipped from the culm at 
the point of attachment of the lower-most panicle branches. 
These five inflorescences per subplot were later weighed and 
then threshed in a Waring Blendor. After cleaning with a 
Dakota Seed Blower the clean seed was weighed. A fertility 
index was computed by the same formula used by Raeber (62) 
which was : 
Fertility index = Weight of clean seed Per five panicles x 100 
Weight of five panicles 
Seed weight determinations were made in 1956 by counting 
and weighing (to the nearest .01 gram) 200 seeds per subplot 
in each of the five replications. In 1956 the seed weight of 
the 18 SQ topcross progenies was obtained. On the basis of 
this data the seed weight of S^ topcross progenies of four 
families was determined. Family 450 was chosen as a family 
being high in seed weight, family 482 as being low in seed 
weight and families 420 and 527 as being intermediate in seed 
weight. In 1957 the number of seeds counted and weighed per 
subplot was reduced to 100. Seed weight for the 18 Sq top-
cross progenies was again obtained in 1957. Seed weight for 
the same families used in 1956 (420, 450, 482 and 527) was 
again determined, but family 396, chosen because of low seed 
yield, and family 538, chosen because of high seed yield, 
were also included. Seed weight was also determined for 
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topcross progenies of the 13 elite SQ ts and the nine varie­
ties and synthetics in 1937. The 1956 data was divided by 
two to convert to weight per 100 seeds in order to conform 
with the 1957 data. 
Statistical analyses were made for each year (1956 and 
1957) individually and for both years combined for each of 
the characters studied. Genetic and environmental correla­
tions were computed by the use of covariance analyses. Pheno-
typic correlations among all characters were also computed. 
Several phenotypic correlations were made to determine the 
relationship of characters in this study to the same charac­
ters evaluated on the same plant material in other years and 
in other experiments. Eeritability estimates were derived by-
using the progeny-parent regression method of analysis. 
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EXPERIMENTAL RESULTS 
Results bearing on variation and inheritance of combin­
ing ability for seed characteristics, relationships of S^_ to 
SQ topcross progeny performance and comparisons of.SQ and S]_ 
topcross progenies with Fischer will be presented separately 
for seed yield, panicle number, fertility and seed weight. 
Additional sections contain interannual and intercharacter 
correlations, parent-progeny relationships and correlation 
of entry performance in the present study with that obtained 
for the same material or parental clones in previous tests. 
In considering results it should be pointed out that the top-
cross tester used in the present study was the variety, 
Fischer, which is equivalent to use of an open-pollinated 
variety tester in corn. All estimates, therefore, are of 
general combining ability. 
Seed Yield 
Table 1 shows the extremely large range encountered 
among entries for seed yield. The difference between the 
high and low entry in 1956 was 454 pounds per acre compared 
with a difference in 1957 of 748 pounds per acre. In both 
years the entries highest and lowest in seed yield were S^ 
topcross progenies. The variety, Fischer, was slightly 
lower than the overall mean in seed yield in 1956 but 
slightly higher in 1957. On a two-year basis the mean over-
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Table 1. Means and ranges for seed yield in 1956 and 1957 
based on means per entry over five replications 
Means and range 1956 1957 
Two years 
combined 








ance of entries in 54.2 



















aSeed yield in grams per subplot 
DSeed yield in lbs/acre. Conversion factor = 6.4 
all entries and the yield of Fischer were almost identical. 
The highest entries in 1956 and 1957 and for the two years 
combined outyielded Fischer by 265, 405 and 285 pounds of 
seed per acre, respectively. All entry means for 1956 and 
1957 and for the two years combined are listed in Appendix 
Table 28. 
In Table 2, means on a family basis for 1956 and 1957 
and for the two years combined for SQ and topcross prog­
enies are presented. Yields for the 10 SQ topcross entries 
per family were averaged to obtain each mean. Analyses 
of variance for seed yield appear in Table 3. In 1956 the 
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Table 2. Topcross performance for seed yield of 18 SQ 
clones of bromegrass compared with the mean 
topcross performance of their respective Si 
families3 
Two years 
1956 1957 combined 
Family s0 S]_ mean S0 S-j_ mean So S-j_ mean 
391 67.3 22.0** 89.0 76.4 78.2 64.7* 
396 29.6 22.3 20.2 23.6** 39.9 29.4** 
401 45.0 50.3 81.2 68.7 63.1 29.2 
420 79.9 64.3* 87.6 88.2 83.8 76.3 
450 73.0 58.0** 91.2 84.9 82.1 71.4* 
455 52.1 60.1 71.8 77.3 61.9 68.7 
478 20.1 32.0** 25.6 65.1 37.9 48.6* 
482 75.8 63.8 67.4 78.0 71.6 70.9 
503 61.3 48.6** 51.8 64.2 26.6 56.4 
205 68.7 62.8 46.4 64.0* 27.6 63.4 
510 51.3 52.2 89.8 76.8 70.5 64.5 
526 32.1 45.1* 22.2 53.0*. 33.6 49.1** 
527 80.1 63.0** 129.0 100.4** 104.5 81.7** 
529 63.5 52.8** 78.6 72.1 71.0 62.5 
530 64.1 63.4 64.4 72.6 64.3 68.0 
538 28.3 74.2** 28.2 98.4** 28.2 86.3** 
567 46.7 47.8 83.6 61.0* 65.2 54.4 ^  
570 63.3 25.7 99.4 75.6* 81.4 65.6** 
Mean 25.7 54.0 72.2 72.8 64.0 63.4 
aYTeight of seed per subplot expressed in grams 
* 
SQ significantly different from S^ mean at 5% level 
SQ significantly different from S-J_ mean at 1% level 
yield range for SQ topcrosses was 20.1 to 80.1 grams as 
compared with a range for S^ topcross family means in the 
same year of 25.3 to 74.2 grams. In 1957 the range was 
28.2 to 129.0 grams for SQ topcrosses compared with Sj_ top-
cross family means ranging from 33.6 to 100.4 grams. Thus, 
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in both years variation among SQ topcrosses was greater 
than variation among S^ topcross family means for seed 
yield. 
As shown in Table 2, S-, topcross family means were 
both significantly higher and lower than their respective 
SQ topcrosses even though they should perform alike theoret­
ically if each S1 is adequately represented. In 1956, three 
families had 3^ topcross means significantly above the SQ 
topcross. Six SQ topcrosses, on the other hand, averaged 
significantly higher in combining ability for seed yield 
than their respective S^ topcross family means. In 1957, 
three families again had S^ topcross means significantly 
greater than their respective SQ topcrosses. Families 526 
and 538 had significantly higher S]_ topcross means in both 
years. Four families in 1957 had S^ topcrosses averaging 
significantly less in seed yield, than their respective SQ 
topcrosses. For the two years combined, S-, topcross family 
means were significantly higher for seed yield than their 
SQ topcrosses in three families, but in five families the 
reverse was true. In neither year nor in both years com­
bined was the mean of all SQ topcross progenies signifi­
cantly different from the mean of all S^ topcross progenies 
for all 18 families combined (see Table 3). This would in­
dicate that one generation of inbreeding had essentially no 
effect on general combining ability for seed yield in this 
group of material. 
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Table 3. Analyses of variance of seed yield for topcross 
progenies of 18 SQ clones of bromegrass and 10 S]_ 
selections from each. 
Mean squares 
Source of 1956 1957 1956 and 1957 
variation D.F. combined 
Replications 4 6 ,365. 14* 30,578.73** 5,625. 05 
Families 17 7 ,697. 13,093.86** 18,278. 82 
Error (a) 68 2 ,386. 49 1,086.13 2,245. 65 
SQ VS. S]_ 1 223. 59 24.85 49. 68 
S]_ progenies with­
162 20** 1,671.58** 1,647. in families 
IA CM ir\ 
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SQ VS. S]_ X 
2,335.07** families 17 1 ,060. 36** 2,823. 07 
Error (b) 720 122. 50 332.60 237. 80 




tions 4 31,318. 82' 
Years x families 17 2,512. 48: 
Years x replica­
tions x families 68 1,226. 97: 
Remainder 900 283. 79 
*F value exceeds the 5% level 
**F value exceeds the 1% level 
In Table 3 eïre presented the split-plot analyses of 
variance for yield, in 1956 and 1957 and for the two years 
combined. In such analyses the demonstration of significant 
differences among topcross progenies within families indi­
cates segregation for combining ability among the S]_ clones 
which were topcrossed by the same tester. For all families 
combined, S]_ topcross progenies within families were found 
to be significantly different at the 1% level in all analy­
ses. The F values in Table 4 were obtained from separate 
35b 
Table 4. F values resulting from analyses of variance of 
topcross performance of 10 Sj_ selections repre­
senting each of 18 families for seed yield3 
Two years 
Family 1956 1957 combined 
391 9. %o** 4. 69** 8. 99** 
396 3. 77** 2. 86* 40 74** 
401 4. 08** 6. 7. 15** 
420 4. 9 2_** 1. 86 3» 01** 
450 18. 50** 9. 82** 21. 2^ ** 
455 2c 71* 5. ?6** 5. 58** 
478 13. 2 9** 6. 39** 9. 94** 
482 3. 3. 11** 6. ^Y** 
503 7. 4^ ** 13. 10** 17. 89** 
505 4. 72** 7. 24** 7. 78** 
510 3o 4. 41** 4. 62** 
526 2. 19* 3. 42** 3. 47** 
527 1. 37. 6. 07** 5 = 42** 
529 2, 51* 2. 55*. 2. 10 
530 2. 10 6. 7. 69** 
538 2. 29* 5. 6. 84** 
567 j-» 27,, 1. 68 2. 30* 
570 6. 46** 3. 46** 6. 52** 
^Degrees of freedom: 9 and 40 for entries and error, 
respectively. 
* / Exceeds the 5% level. 
Sxceeds the 1% level. 
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complete block analyses of each of the 18 families included 
in the present study. As shown by these F values, top-
cross progenies indicated segregation for combining ability 
for seed yield in all families except three in 1956, two in 
1957 and one for both years combined. In Table 5 the number 
of topcross progenies significantly above or below their 
respective SQ topcrosses at the 3% level, using Duncan?s 
Multiple Range Test, are given. Family 538 is peculiar in 
that all of its S-, topcrosses were significantly higher in 
seed yield than the topcross progeny of the SQ clone. This 
may have been due to a mistake in planting or may simply be 
that Clone 538 is phenotypically desirable and capable of 
producing S-, segregates high in combining ability but is 
itself relatively low in combining ability. In two other 
families, 478 and 526, five of the 10 Sj_ topcrosses in each 
significantly exceeded the SQ in yield. Here again the SQ 
topcrosses were rather poor in performance. Only one of the 
best four SQ clones gave any S]_ segregates significantly ex­
ceeding the non-inbred parent in topcross performance. Op­
portunities for isolating superior combiners in inbred 
progenies, therefore, would seem rather limited. 
All S0 and topcross progenies plus eight varieties 
and synthetics were compared with the variety Fischer by 
utilizing the formula presented by Grissom (15). Results 
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Table 5» Number of Sj_ topcross progenies significantly 
above or below their respective SQ topcrosses 
in seed yield3 
Family 













391 1 7 0 2 1 4 
396 0 4 0 6 0 7 
401 2 0 0 4 0 2 
420 0 5 0 0 0 1 
450 0 4 2 4 2 4 
455 2 0 1 0 1 0 
478 6 0 3 1 5 1 
482 0 3 2 0 2 0 
503 0 3 4 0 2 3 
305 0 2 3 0 2 0 
510 1 0 0 1 0 1 
526 3 0 4 0 5 0 
527 0 4 0 3 0 6 
529 0 4 0 1 0 2 
530 0 0 2 1 2 1 
538 10 0 10 0 10 0 
567 0 0 0 0 0 1 
570 0 2 0 4 0 3 
Total 25 38 31 29 32 36 
Significant at the 5% level, based on Duncan's 
Multiple Range Test 
of this comparison are presented in Table 6. On the basis 
of the two years combined, 8.2% of the entries were signif­
icantly higher and 6.8% lower than Fischer in seed yield at 
the 5% level. On a two-year proportionate basis about one 
out of 16 and one out of 11 SQ and S]_ topcross progenies, 
respectively, were superior to Fischer. This again points 
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Table 6. Number of SQ and 3% topcross progenies and vari­
eties and synthetics significantly above or below 
the check variety, Fischer, in seed yield3 
No. of Two years 
entries 1956 1957 combined 
Significantly higher 
than Fischerî 
SQ topcrosses 31 
5% level 5 3 2 
it level 3 3 2 
Sj topcrosses l80 
5% level 30 21 lo 
If; level 9 10 7 
Varieties and synthetics 8 
3% level 0 0 0 
1% level 0 0 0 
Significantly lower 
than Fischer : 
SQ topcrosses 31 
5% level 17 2 
1% level 0 4 1 
S]_ topcrosses l80 
5f= level 9 34 13 
1% level 0 18 6 
Varieties and synthetics 8 
5% level 0 1 0 
I t  level 0 0 0 
differences necessary for significance calculated by 
using formula presented by Grissom (15) 
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out that one generation of inbreeding did not necessarily re­
sult in an increased frequency of high combining clones rela­
tive to the SQ generation. None of the nine varieties or 
synthetics were significantly higher than Fischer in either 
year indicating that relative to the northern and southern 
strains and synthetics included in this study it was among 
the best in seed production. 
Panicle Number 
The second trait studied v/as panicle production per unit-
area, which is one of the primary components of seed yield. 
The range exhibited for panicle number by all test entries, 
as shown in Table 7, was relatively wide. On a two-year 
basis, the highest entry exceeded the lowest entry by"about 
44 panicles per square foot. The check variety, Fischer, 
was somewhat below the mean of the entire population for pan­
icle number. On a two-year basis, Fischer had 25 fewer pani­
cles than the highest entry but 19 more than the lowest entry 
per square foot. Mean panicle number was lower in 1956, due 
to drought conditions, than in 1957 but the range was similar 
in both years. As was the case with seed yield, the mean over 
all entries was almost identical to the mean for the 18 family 
groups. The Sq and S^ topcross means (see Table 8) on a two-
year family basis had a range of 82 to 186 and 103 to 185 
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Table 7» Means and ranges for panicle number in 1956 and 
1957 based on means per entry over five repli­
cations8 
Two years 
Means and range 1956 1957 combined 
Mean of all test entries 107 198 152 
Mean topcross performance of Sq 
and Sj_ entries in 18 families 107 198 153 
Mean of Fischer 96 181 138 
Range in means for all entries 30-199 89-276 62-237 
aNumber of panicles per four square feet 
Table 8. Topcross performance for panicle number of 18 SQ 
clones of bromegrass compared with the mean top-
cross performance of their respective S]_ families3 
Two years 
Family 
1956 1957 combined 
so mean s0 mean So mean 
391 117 106 256 227* 186 167* 
396 54 63 177 143 115 103 
401 80 96 169 193 125 145 
420 130 113 220 223 175 168 
450 134 119 232 212 183 165. 
455 80 108* 159 185 120 146* 
478 46 66** 141 165 94 116* 
482 151 132 208 211 179 171 
503 112 101 182 169 147 135 
505 110 114 178 194 144 154 
510 85 102 189 195 137 148 
526 64 96* 171 202 118 149* 
527 125 122 206 248 166 185 
529 135 130 213 219 174 174 
530 113 124 193 196 153 160 
538 59 130** 105 212** 82 171** 
567 107 106 202 205 154 156 
570 98 106 208 188 153 147 
Mean 100 107** 189 199* 145 153** 
aNumber of panicles per four square feet 
*SQ significantly different from mean at 5% level 
VVSO significantly different from S]_ mean at 1% level 
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panicles per four square feet, respectively, which indicates 
variation for combining ability for panicle number among fam­
ilies. Variation for combining ability for panicle number 
among families is further indicated by the highly significant 
mean squares for families in Table 9. 
For panicle number, only four families in 1956 and two 
in 1957 had means significantly different from their respec­
tive SQ in topcross performance (see Table 8). However, in 
all families where the SQ and S^ mean topcross performance 
differed significantly, in only one family was the SQ mean 
significantly higher than its S^ family mean. This resulted 
in the SQ being significantly less than the SQ_ in mean top-
cross performance over all families, indicating that one year 
of inbreeding, as an average, appeared to increase general 
combining ability for panicle production. This effect also 
is shown in Table 9 where the SQ VS. S^ variances over all 
families exceeded the 5 or 1% level in all analyses. Ivo 
reason for this result seems apparent, unless some unconscious 
selection for high panicle production occurred when the S-^ 
clones were saved in certain families. Actually, the S^ fam­
ily mean was below its SQ in topcross performance in seven 
instances, equal to it in one, and above it in ten on a two-
year basis. The fact that SQ vs. S-J_ differences varied con­
siderably from family to family is indicated by the signifi­
cant ( 1% level) interactions of SQ VS. SQ_ X families in 
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Table 9. Analyses of variance of panicle number for top-
cross progenies of 18 Sq clones of bromegrass and 
10 S]_ selections from each 
Mean souares 
Source of 
variation D.F. 1956 1957 
1956 and 1957 
combined 
Replications 4 29,224. 4* 32,028. 8** 9,816.8* 
Families 17 21,595. 31,325. 6** 45,835.1** 
Error (a) 68 9,057. 3 4,611. 2 9,956.6 
SQ VS. SI 1 4,462. 7,842. 0* 12,068.0** 
S-, progenies 162 2,481. 4,717. C** 5,673.4** 
within families 
SQ VS. S]_ X 17 2,161. 4,708. 8** 5,845.7** 
families 
Error (b) 720 576. 0 1,514. 9 1,206.9 
Years 1 4, 146,002.0** 
Years x repli­
cations 4 51,436.5** 
Years x families 17 6,886.1* 
Years x repli­
3,712.0** cations X 68 
families 
Remainder 900 1,001.4 
*F value exceeds the 5% level 
**F value exceeds the lf= level 
analyses of variance in Table 9. 
F values recorded in Table 10 for panicle number show 
that all except four, seven and three families for 1956 and 
1957 and for both years combined, respectively, indicated 
segregation in S^ for combining ability for panicle number. 
Four of the families not demonstrating segregation were the 
same for each year. Segregation for combining ability for 
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Table 10. ? values resulting from analyses of variance of 
topcross performance of 10 S% selections repre­
senting each of 18 families for panicle number3 
1956 
Two-years 
Family 1957 combined 
391 3.71** 10.50** 9.39** 
396 2.80* 4.96** 5-#2** 
401 2.55* 3.90** 3.69** 
420 5.19** 3.57** 5.76** 
430 12.80** 3.54** 8.08** 
455 0.55 _ 1.47 1.38 
478 17.62** 4.93** 10.82** 
482 7.23** 2.72* 6.68** 
503 5.75** 5.57** 5.88** 
505 2.02 2.06 2.84* 
510 3.94** 2.23* 
526 3.40** 5.19** 6.52** 
527 1.72 .56 1.25 
529 3.28** 3.62** 3.90** 
530 1.45 1.56 1.82 
538 4.26** 3.10** 5.24** 
567 5.27** 1.40 2.62* 
570 3.88** 1.49 2.68* 
^Degrees of freedom: 9 and 40 for entries and error, 
respectively 
^Exceeds the 5% level 
**Exceeds the 1% level 
panicle number also was denoted by the highly significant 
mean squares for Sj_ topcross progenies within families for 
all families combined in all analyses (see Table 9). 
For panicle number approximately twice as many S T^s were 
above their Sq than were below it in topcross performance 
(see Table 11). For both years combined the numbers above 
and below were almost equal. Again, family 538 is unusual 
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Table 11» Number of 3j_ topcross progenies significantly 
above or below their respective SQ topcross 
progeny for panicle number3 
1956 1957 Two years combined 
Si's Sx*s Si's Si's Si's Si's 
above below above below above below 
Family s0 s0 So S0 ^0 S0 
391 0 1 0 3 0 3 
396 I 0 0 4 0 3 
401 1 0 1 0 3 0 
420 0 3 1 0 1 3 
430 1 3 0 I 0 3 
455 0 0 0 0 0 0 
478 6 0 4 0 4 1 
482 1 3 1 0 1 2 
503 0 2 1 1 0 3 
505 0 0 0 0 1 0 
510 3 0 0 0 0 0 
526 3 0 3 0 3 0 
527 0 0 0 0 0 0 
529 0 1 0 1 0 1 
530 0 0 0 0 0 0 
538 10 0 10 0 10 0 
567 1 1 0 0 0 0 
570 1 0 0 0 0 1 
Total 28 14 21 10 23 
Significant at the 5% level based on DuncanTs multiple 
range test 
in that all S^'s were significantly above their Sq in top-
cross performance. This same relationship was noted for 
seed yield. Sq clones low in combining ability often had 
S-[_ segregates significant ly higher in combining ability, but 
the six SQ clones highest in combining ability for panicle 
number produced only two out of 60 S T^s which were signifi­
cantly higher in combining ability than their SQ parent. 
In the comparison of all entries with Fischer for pani­
cle number, given in Table 12, 4.6% and 2.3% were signifi­
cantly above and below, respectively, the mean of Fischer 
at the 5% level on a two-year basis. On the same basis, none 
of the varieties or synthetics or the SQ topcrosses were sig­
nificantly above or below the mean of Fischer in panicle pro­
duction. Proportionately, about one out of 18 S^ topcrosses ex­
ceeded Fischer and one out of 36 were below Fischer in produc­
tion of panicles indicating that selection for plants high in 
combining ability for panicle number might have some promise 
among S-j_ lines. 
Fertility 
Panicle production and percentage of fertile florets 
per inflorescence were considered by Eaeber and Kalton (63) 
to be the two primary components of seed yield. The fer­
tility index used in the present study was found by P.aeber 
(62) to be a good estimate of true fertility. Range in fer­
tility as shown in Table 13, was appreciable and nearly 
identical in 1936 and 1931• The mean of Fischer was slightly 
below the population mean in 1936 but above it in 1957• The 
highest entry exceeded the mean of Fischer by 17.1% in 1936 
but only by 6.3% in 1931, indicating that Fischer is rela­
tively good in seed set. Considering all entries, the dis­
tribution for fertility index was somewhat negatively skewed. 
In both 1956 and 1957 the 22 extra elite SQ topcrosses, 
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Table 12. Number of SQ and S^ topcross progenies and vari­
eties significantly above or below the check 
variety, Fischer, in panicle number3 
No. of Two years 





























































differences necessary for significance calculated by 
using formula presented by Grissom (15) 
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Table 13. Means and ranges for fertility indices in 1956 
and 1957 based on means per entry over five 
replications3 
Means and range 1956 1957 Two years combined 
Mean of all test entries 6i.O 61.9 61.4 
Mean topcross performance 
of entries in 18 families 60.9 61.8 61.3 
Mean of Fischer 58.5 67.5 63.0 
Range in means for all 
entries 42 .4-75.6 I 
CO H
 •74.0 44.3-74.8 
a7veight of clean seed per five panicles 10Q 
Unthreshed weight of five panicles 
varieties and synthetics (means in appendix, Table 28) raised 
the mean of the entry population by only 0.1%. 
The range in SQ and S^ topcross performance on a two-
year, family basis presented in Table 14 was 54.9 to 71.1% 
and 48.8 to 70.6%, respectively, which approaches the theor­
etical expectation, rfith such differences the relatively 
large and significant variation for families illustrated in 
Table 15 would be expected. In topcross performance for 
fertility, three families in 1956 and two in 1957 had S^ 
family means significantly different than their respective 
SQ'S. In only one of these cases, family 538, was the S^ 
above the SQ. In the majority of families SQ TS were con­
sistently higher than the family mean of their SJ_Ts in com-
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Table 14. Topcross performance for fertility of 18 SQ 
clones of bromegrass compared with the mean 






S0 mean So mean s0 S]_ mean 
391 64.3 63.0 61.3 58.6 62.8 60.8 
396 38.9 48.8** 37.2 53.0 58.0 50.9* 
401 64.0 62.0 38.5 60.8 61.2 61.4 
420 63.9 64.7 68.2 67.0 67.0 65.8 
450 68.1 64.2 66.9 63.7 67.3 64.0 
455 71.1 70.6 69.9 70.1 70.5 70.3 
478 34.9 56.6 68.7 61.0* 6l. 8 58.8 
482 61.9 60. 8 39.2 61.2 60.5 61.0 
303 69.3 39.7** 68.9 60.2** 69.2 59.9** 
505 65.6 62.1 62.6 64.0 64.1 63.1 
510 60.5 33.9 65.3 62.2 62.9 59.0 
$26 38.1 36.7 62.3 34.9 60.2 33.8 
527 64.8 61.3 63.3 63.2 64.0 62.3 
329 39.3 36.4 62.0 57.8 60.8 57.1 
330 64.5 61.5 62.0 60.9 63.3 61.2 
338 39.0 65.2* 66.4 64.3 62.7 64. 8 
367 62.6 60.0 33.3 61.8 59.0 60.9 
370 66.2 62.2 70.4 63.9 68.3 63.0* 
Mean 63.3 60.7** 63.8 61.6** 63.5 61.1** 
aWeight of clean seed per five panicles 10Q 
Unthreshed weight of five panicles 
vSq significantly different from mean at 5% level 
**Sq significantly different from S]_ mean at 1$ level 
bining ability for fertility, resulting in the latter being 
significantly lower in fertility than the former over all 
families (see Tables 14 and 15). This is opposite to the 
average Sq-S^ relationship found for panicle number and in­
dicates a deleterious effect from one year of inbreeding. 
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Table 15. Analyses of variance of fertility indices for 
topcross progenies of 18 SQ clones of bromegrass 
and 10 Sj_ selections from each 
Mean squares 
Source of variation D.F. 
1956 1957 1956 and 
combined 
1957 
Replications 4 62.9 85.9 63. 4 
Families 17 1,139.3** 837.2** 1,806. 6** 
Error (a) 68 79.7 66.7 78. 0 
SQ VS. SI 1 568.7** 404.9** 966. rj** 
S]_ progenies within 
families 162 84.4** 124.0** 134. 2** 
SQ VS. S]_ x families 17 60.7* 70.9 79. 0* 
Error (b) 720 36.1 54.9 47. 3 
Tears 1 388. 2 
Tears x replications 4 85. 3 
Tears x families 17 169. 
Tears x replications 
68. 3* x families 68 
Remainder 900 49. 3 
*F value exceeds the 5% level 
**F value exceeds the 1% level 
F values in Table 16 indicate segregation for combining 
ability for fertility occurred within at least nine families 
on the basis of 1956 and 1957 results. On a two-year basis, 
segregation in 11 families was indicated. In all families 
the S^ segregates which differed significantly from their SQ 
parent in topcross performance were below their SQ, as shown 
in Table 17. This further substantiates the general depres­
sing effect of inbreeding on combining ability for fertility 
and indicates that inbreeding could be undesirable if improved 
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Table lé. F values resulting from analyses of variance of 
topcross performance of 10 S]_ selections repre­
senting each of 18 families for fertilitya 
1956 
Two years 
Family 1957 combined 
391 .47 1.80 1.73 
396 2.50* 2.95** 3.81** 
401 2.69* 3.15** 3.52** 
420 .69 1.03 1.00 
450 2.54* 1.08 1.58 
455 1.99 3.80** 5.73** 
4?8 2.73* 7.39** 6.86** 
482 3.26** 1.09 2.82* 
503 3.91** 3.36** 5.41** 
505 1.41 2.82* 2.68* 
510 3.66** 3.17** 4.10** 
526 1.21 2.50* 1.55 
527 1.80 3.65** 3.68** 
529 2.67* .97 1.18 
530 1.84 1.51 2.56* 
538 1.23 1.69 1.26 
567 1.14 .84 1.50 
570 5.57** 1.00 4.24** 
^Degrees of freedom: 9 and 40 for entries and error, 
respectively 
^Exceeds the 5% level 
**Exceeds the 1% level 
fertility were an important breeding objective. 
Comparing all entries with Fischer, it was found that on 
a two-year basis 1.8% were above and 7.8% below the mean of 
Fischer at the 5% level (see Table 18). This inability to 
obtain a larger percentage of entries significantly better 
than Fischer might be a consequence of the relatively high 
level of fertility exhibited by Fischer. As was found in the 
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Table 17. Number of S]_ topcross progenies significantly 
above or below their respective SQ topcrosses 
for fertility3 
1956 1957 Two years combined 
SV s S1 Ts S]_T s S1*s s. Ts SxTs 
above below above below ab ove below 
Family SO SO s0 SO SO SO 
391 0 0 0 0 0 0 
396 0 5 0 0 0 3 
401 0 x 0 0 0 0 
420 0 5 0 0 0 0 
450 0 1 0 0 0 0 
455 0 0 0 1 0 2 
478 0 0 0 4 0 1 
482 0 1 0 0 0 0 
503 0 5 0 3 0 7 
505 0 0 0 1 0 1 
510 0 3 0 2 0 3 
526 0 0 0 2 0 0 
527 0 0 0 0 0 2 
529 0 1 0 0 0 0 
530 0 0 0 0 0 1 
538 0 0 0 0 0 0 
567 0 0 0 0 0 0 
570 0 3 0 0 0 3 
Total 0 20 0 15 0 23 
^Significant at the 5% level, based on Duncan's 
multiple range test 
case of panicle production, none of the SQ topcrosses or 
varieties or synthetics were consistently superior in fer­
tility. Proportionately, using two-year averages, only one 
out of 45 S]_ topcrosses were superior to Fischer. This also 
indicates that selection among S T^s for increased combining 
ability for fertility above that already found in Fischer 
would be difficult. 
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Table 18. Number of SQ and 5^ topcross progenies and vari­
eties significantly above or below the check 
variety, Fischer, in fertility3 
No. of Two years 
entries 1956 1957 combined 
Significantly higher 
than Fischer: 
Sq topcrosses 51 
5/o level 6 0 0 
1% level 3 0 0 
3]_ topcrosses 180 
51? level 26 1 4 
1% level 10 0 1 
Varieties and syn­
thetics 8 
5% level 10 0 
1% level 0 0 0 
Significantly lower 
than Fischer: 
Sq topcrosses 31 
5% level 0 3 1 
1% level 0 1 0 
S]_ topcrosses l80 
57= level 13 40 16 
1% level 6 26 9 
Varieties and syn­
thetics 8 
57= level 0 2 0 
Ifo level 0 0 0 
^Differences necessary for significance calculated by 
using formula presented by G-rissom (15) 
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Seed Weight 
Seed weight is generally assumed to be a component of 
seed yield but its relative importance in this regard has 
not been assessed in bromegrass. It was included in the 
present study to gain information on this assumption. Of 
the 18 families in the present study only four were selec­
ted for seed weight determinations in 1956 and only six in 
1957. In both years all SQ topcrosses of the 18 families 
were sampled to determine seed weight. In 1957, additional 
topcross progenies from the 13 elite SQ clones as well as 
the nine varieties and synthetics were also considered. 
Since fewer entries were included for seed weight than for 
other characters the relatively smaller range obtained was 
as might have been expected (see Table 19). In 1957, the 
only year in which such comparisons were made, Fischer was 
found to be slightly above the mean of the population and 
89% as heavy as the entry with the highest seed weight. In 
Table 29 seed weights of all entries evaluated, averaged 
over five replications, are presented. 
As shown in Table 20, only in 1956 in two families did 
Sj_ family means differ from their respective SQ in topcross 
performance for seed weight. In one case the SQ surpassed 
the Sj_ family mean in topcross performance while in the other 
family the reverse was true. Over all families, differences 
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Table 19. Means and ranges for seed weight in 1956 and 
1957 based on means per entry over five repli 
cations3 
Two years 
Means and range 1956 1957 combined 
Mean of entries in six 
families plus 25 other 
Sq topcrosses and nine 
varieties or synthetics .311 
Mean topcross performance 
of entries in four fam­
ilies in 1956 and for two 
years combined and in six 
families in 1957 .259 .309 .284 
Mean of Fischer .316 
Range in means for all 
entries .231-.298 .282-.354 .262-.324 
aWeight in grams per 100 seeds 
between SQ and Sj_ family means in topcross performance were 
not significant (see Table 21). As in seed yield, inbreeding 
apparently had little or no effect on combining ability for 
seed weight. In both years topcross performance of the SQ 
and its S]_ family mean were remarkably similar indicating 
that for seed weight combining ability of S^ lines could be 
quite accurately predicted by the combining ability of their 
S0. Seed weights were considerably larger in 1957 than in 
1956 due to better growing conditions, but family differences 
were consistent for the two years. 
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Table 20. Topcross performance for seed weight of four 
Sq clones of bromegrass compared with the mean 
topcross performance of their respective S]_ 
families in 1956 and for 1956 and 1957 combined, 
together with that of six SQ clones compared 





s0 S-j_ mean SQ S1 mean s0 S-, mean 
396 .314 .309 
420 .263 .255,. .308 .304 .286 .280 
450 .286 .274** .322 .319 .304 .297 
482 .234 .244* .308 .305 . 271 .275 
527 .261 .261 .310 .311 .286 .286 
558 .308 .303 
Mean .261 .258 .312 .308 .287 .284 
a
"7eight per 100 seeds expressed in grams 
*SQ significantly different from Sj_ mean at 5% level 
**S0 significantly different from S]_ mean at ll level 
Table 21 indicates there was considerable variation for 
combining ability among families as well as segregation for 
combining ability for seed weight within families. Segre­
gation was indicated among S-j_Ts within all families studied 
in 1956 and in four of six in 1957, as shown by results in 
Table 22. 
S]_ segregates were both significantly above and below 
their SQ in topcross performance, which also points to seg­
regation for combining ability for seed weight (see Table 23). 
Table 21. Analyses of variance of seed weight for topcross progenies of certain 
SQ clones of bromegrass and 10 S^ selections from each 
D.F. for 
Source of variation 1956 and 
1956-57 
combined 
D.F. Mean squares 
for 
1957 
1956 1957 1956-57 
combined 
Replications 4 4 .000516 .001488 .000310 
Families 3 5 .000977** .001956* .010589** 
Error (a) 12 20 .000238 .000540 .000356 
So 78. Si 1 1 .000102 .000280 .00018? 
Sj_ progenies within 
families 36 54 .000616** .000787** .001182** 
SQ VS. SI x families 3 5 .000415** .000020 .000238 
Error (b) l6o 240 .000073 .000250 .000169 
Years 1 .288410** 
Years x replications 4 .001106 
Years x family 3 .001718 
Years x replications 
x families 12 .000866** 
Remainder 200 .000149 
*F value exceeds the 5% level 
**F value exceeds the 1> level 
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Table 22. F values resulting from analyses of variance of 
topcross performance for seed weight of 10 S]_ 
selections representing each of four families 
in 1956 and 1956 and 1957 combined, and of six 
families in 1957a 
Two-years 
Family 1956 1957 combined 
396 3.11** 
420 3.85** 2.22* 4.02** 
450 14.68** 5.52** 12.71** 
482 5.36** 3.47** 5.00** 
527 9.0?** 2.01 3.26** 
538 1.98 
^Degrees of freedom: 9 and 40 for entries and error, 
respectively 
*Exceeds the 5% level 
**Bxceeds the 1% level 
Table 23. Number of S% topcross progenies significantly 
above or below their respective Sq topcrosses 
for seed weight5 
1956 1957 Two-years combined 
S]_7s SiTs S]_Ts Sj/s Sj_? s Sj_Ts 
above below above below above below 
Family SQ SQ S0 S0 SQ SQ 
396 0 1 
420 0 3 0 0 0 3 
450 1 4 111 3 
482 3 0 0 0 2 0 
527 2 2 0 0 0 1 
538 0 0 
Total 69 12 3 7 
^Significant at the 5% level, based on Duncan's multiple 
range test 
58 
On a two-year basis, Sq 482, which was low in combining abil­
ity for seed weight, was surpassed by two of its S^'s. On 
the other hand, Sq 450, which was highest in combining ability 
was surpassed by one Sj_. In both cases the SV s were signif­
icantly above their SQ at the 5% level. SQ 450 also had three 
segregates significantly below it in combining ability for 
seed weight. 
As shown in Table 24 only in 1957 could the entries for 
seed weight be compared with Fischer due to failure to evalu­
ate Fischer for this trait in 1956. Out of 88 entries studied 
only four were significantly higher than Fischer at the 5% 
level. Of these four superior segregates one was the variety 
Alaska, one was the synthetic BR-5, one was an SQ topcross 
and the other was an S^ topcross. Although superior lines 
for combining ability for seed weight are rare in this mater­
ial it seems that selfing would not have to be resorted to in 
order to find superior plants. 
Parent-Progeny and Interannual Relationships 
The two primary objectives of the present study were to 
determine the extent of variation for and inheritance of com­
bining ability for seed yield and its components. At the same 
time, relationships between parent and progeny, among charac­
ters and between topcross performance in this test with that 
of parental clones or their progeny in other tests were of 
considerable interest. 
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Table 24. Number of SQ and 3j_ topcross progenies and vari­
eties and synthetics significantly above or be­
low the check variety, Fischer, in seed weight3 
No. of 
entries 1957 
Significantly higher than Fischer: 
SQ topcrosses 19 
5% level 1 
1% level 0 
S]_ topcrosses 60 
5% level 1 
1% level 1 
Varieties and synthetics g 
5% level 2 
1% level 1 
Significantly lower than Fischer: 
SQ topcrosses 19 
5% level 0 
1% level 0 
S^ topcrosses 60 
5% level 10 
lfo leve 1 2 
Varieties and synthetics g 
5% level 0 
1% level 0 
differences necessary for significance calculated by 
using formula presented by G-rissom (15) 
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One method of showing parent-progeny relationships is 
by use of correlation coefficients. Such correlations pre­
sented in Table 25 generally followed theoretical expecta­
tion with seed yield, the most complex trait, having lower 
values than its components. All parent-progeny correlations 
were significant at the 5% level in 1956. Only those asso­
ciations for fertility and seed weight were significant in 
1957. Except for panicle number, the ranking of characters 
for the degree of parent-progeny relationship was the same 
in both years. On a two-year basis topcross performance of 
SQTS and their 3^ family means was significantly correlated 
for all characters studied. For seed yield and panicle num­
ber, the correlations were only of moderate predictive value. 
The magnitude of the correlations for seed weight and fertil­
ity, however, indicates that SQ topcrosses could be used to 
predict combining ability for these two traits in 3]_. The 
correlation of progeny with parental performance may be 
biased upward since Sq and S^ topcrosses were grouped togeth­
er on a family basis to form a whole plot in the split-plot 
design used in the experiment. In both years, however, the 
degree of association was much the same indicating that en­
vironment had little effect on the correlations or that the 
two generations reacted similarly to the extremely different 
environmenta1 conditions experienced in 1956 when moisture 
was limited and in 1957 when ample moisture was available. 
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In addition to correlation coefficients, the regression of 
progenies on parents is useful in determining degree of re­
lationship between generations. In the present study re­
gression of mean topcross progeny performance of S]_ on SQ pro­
vides an estimate of heritability of combining ability for the 
character under consideration. Considering the regression 
values obtained (Table 25), combining ability for seed weight 
and fertility were relatively high and seed yield and panicle 
number moderate to low in heritability. Theoretically, if the 
S]_ of each family is adequately represented and there is no 
experimental error, the regression should be equal to or ap­
proach a value of unity. Possibly due to small sample size, 
regression values for seed weight varied greatly from one year 
to the next. Results indicate that the relationship between 
parent and progeny for combining ability for seed weight and 
fertility was due in a relatively large degree to genetic cor­
relation and that combining ability for these two traits in 
the SQ will likely be representative of average combining 
ability for the same traits in the Sj_. The moderate to low 
heritability values obtained for combining ability for seed 
yield and panicle number indicate that selection in the SQ 
generation for clones which will give high combining ability 
in the S^ would be more difficult. The deductions based on 
SQ and S]_ performance are feasible since topcrossing with a 
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uniform, tester theoretically does not influence correlation 
or regression values. 
Another association which was of interest was the rela­
tionship of entry performance in one year with the perform­
ance of the same entry in the following year. Such know­
ledge aids in determining whether one or man;" years are nec­
essary to gain reliable information on the true performance 
of material being tested. Interannual correlations were sig­
nificant at the 1% level and approached predictability value 
for all characters studied. Magnitude of correlations were 
similar, being 0.56, 0.63, 0.65 and 0.68 for fertility, seed 
weight, panicle number and seed yield, respectively. Seed 
weight had 56 degrees of freedom and all other traits had 218. 
•The magnitude of the above correlations seems especially 
large when the extreme environmental differences in the two 
years is taken into consideration. 
As shown in Tables 9 and 21, the differences between 
years was significant for panicle number and seed weight. 
Families failed to react similarly in both years for seed 
yield, panicle number and fertility as shown by the signif­
icant years x families interactions in Tables 5, 9 and 15. 
Such differences point out the value of conducting tests, 
such as this one, for more than one year and the often anom­
alous results obtained by using correlations and statistical 
interactions to evaluate consistency in performance. 
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Table 25. Correlation and regression values for the rela­
tionships between mean S]_ and SQ topcross per­
formance for 18 families of bromegrass in 1936 
and 1957 and for the two years combined 
Regression of Si 
family mean on 
Correlation ("r") So (nbn) 
Character D.F. 
1956 1957 Two years 1956 
combined 
1957 Two years 
combined 
Seed yield 16 0.58* 0.46 0.48* 0.37 0.29 0.32 
Panicle 
number 
16 0.72** 0.45 0.57* 0.45 0.32 0.38 
Fertility 
index 





0.97* 0.93** 0.96* 0.57 1.00 0.67 
^Exceeds the 5% level 
^Exceeds the 1% level 
Intercharacter Correlations 
Phenotypic, environmental and genetic correlations are 
given in Table 26 to aid in obtaining some understanding of 
the relationship of seed yield to its components. Pheno­
typic correlations were approximately the same or slightly 
smaller than genetic correlations indicating that for the 
material in this study simple correlations would have given 
good estimates of genetic relationships. The environmental 
correlations were consistently higher in the drought year of 
1956 than in the more favorable year of 1957. This suggests 
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that under favorable conditions the genotype is more nearly 
able to express itself than when an unfavorable environ­
mental condition might act as a limiting factor. Seed yield 
snd panicle number had the highest genetic and phenotypic cor­
relations but also the highest environmental correlations. 
Fertility and seed yield had an appreciable genetic correla­
tion and their association was apparently only slightly in­
fluenced by environment. Seed weight and seed yield were 
not genetically correlated but their environmental correla­
tion, although quite low, was highly significant. 
Phenotypic correlations also were computed between char­
acters other than those involving seed yield. Panicle num­
ber and seed weight had correlation coefficients of -0.14 
in 1956 and 0.01 in 1957 with 56 and 98 degrees of freedom, 
respectively. Seed weight and fertility were also uncorre-
lated with "r" values of 0.14 in 1956 and -0.04 in 1957 with 
56 and 98 degrees of freedom. The correlation for panicle 
number and fertility on the basis of two-year means with 218 
degrees of freedom was 0.13. On the basis of these results, 
panicle number and fertility appear to be important components 
of seed yield. Selection for seed weight or either of the 
components of seed yield per se apparently would not affect 
adversely the other two traits. 
Table 26. Phenotypic, environmental and genetic correlations between seed yield 
and panicle number, fertility index and seed weight for 1956 and 1957 









Seed yield and : 
Panicle number 218 
.77** .60** 875 .72** .28** .80 .69 
Fertility index 218 
.57** .32** 875 .13** .06 .73 .41 
Seed weight 56, 98 .01 .09 227, 395 .25** .23** —. 02 . 06 
^Exceeds the 5% level 
**Exceeds the 1% level 
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Predictive Value of Previous Evaluations 
Correlation coefficients were computed between perform­
ance in the present study with that of the same material or 
parental clones in previous tests to obtain information per­
taining to predictive value for estimating combining ability. 
Results for panicle production, as shown in Table 27, indicate 
little or no relationship between Sq or clonal performance 
in spaced or semi-solid plantings and combining ability for 
panicle production exhibited by their topcrossed progenies in 
the present study. However, for fertility, highly significant 
positive and similar correlations were found to exist between 
either clone fertility index or clone fertility percent­
age and Sj_ topcross fertility index. This relationship points 
out the utility of the fertility index developed by Raeber (62) 
as well as the possibility for selecting for higher combining 
ability for fertility on a clonal basis. 
Value of the knowledge of the relationship between seed 
and forage production is apparent. In the grasses, forage 
production is of primary importance but varieties good in 
both characters would be most desirable. The correlation 
coefficient between seed production in the present study and 
forage production in 1954-55 in the same test was 0.22. Al­
though this correlation coefficient is highly significant it 
is of little or no predictive value. It does, however, point 
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Table 27. Correlations of two year mean performance in 
Topcross Progeny Test in 195° and 1957 with 
previous evaluations of parental SQ and S]_ 
clones and their outcross progenies 
Items correlated D.F. if-r»" 
SQ topcross panicle production and : 
SQ clone panicle score, S^ vs. O.P. Test, 1950 26 0.00 
Sq clone panicle production, Clonal Test. 1951 29 0.19 
S orogeny panicle score, Si vs. O.P. Test, 
1 1950 26 0.19 
O.P. orogeny panicle score, Si vs. O.P. Test, 
1950 26 0.22 
S, topcross panicle production and: 
S|_ clone panicle score, Sj_ vs. O.P. Test, 1950 178 0.05 
SQ topcross fertility index and : 
50 clone fertility percentage, T.C. Nursery, 
1951 5 0.54 
S-j_ topcross fertility index and : 
S-I clone fertility percentage, T.C. Nursery, 
1951 68 0.58** 
51 clone fertility index, T.C. Nursery, 1951 108 0.50** 
Topcross Test seed yield and : 
Topcross Test forage yield, 1954-55 218 0.22** 
**Exceeds the 1% level 




The significance of selection for high combining ability 
in the breeding of improved synthetic varieties of the cross 
pollinated polyploid forage grasses has been fully appreciated 
only in the last few years. Recent studies with bromegrass 
(22), intermediate wheatgrass (26) and orchardgrass (38) all 
have pointed out that variation for combining ability is ex­
hibited by these grasses. In the present study the extent of 
variation for combining ability for seed characteristics was 
evidenced by the extremely wide range in performance found 
among individual SQ and 3% topcross entries. Wide variation 
also was indicated among families, since mean squares for fam­
ilies in analyses of variance were significant at the 1% level 
for all characters for both years except for seed weight in 
1957 which was significant only at the 5% level. In a study 
of forage characteristics in the same test in 1954 and 1955, 
Grissom and Kalton (16) found no evidence of variation for 
combining ability for forage yield among families. Such con­
trasting results would indicate that selection in bromegrass 
for high combining ability for forage yield might be a slow, 
difficult process, while improvement of combining ability for 
seed characteristics should be relatively successful. 
Regarding the question of whether combining ability for 
seed characteristics is heritable in bromegrass, the highly 
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significant, within families mean squares obtained in all 
analyses of S^ topcross progenies over both years for all char­
acters studied would appear to give an affirmative answer. 
Individual family complete block analyses also disclosed seg­
regation for combining ability within families in the majority 
of instances. As pointed out by G-rissom and Ea It on (l6), this 
segregation exhibited by topcrosses within families implies 
that combining ability is a heritable trait for the characters 
under consideration. 
Hoover (28) and Johnson and Hoover (36), working on sweet-
clover, also found evidence of segregation in S]_ families on 
the basis of topcross progeny tests. They concluded that it 
might be advantageous to test individual plants in the S^ gen­
eration to obtain selections segregating above their SQ parents 
for combining ability. In this study, however, it was noted 
that when the SQ clones were high in combining ability for any 
character measured their S T^s generally segregated below the 
SQ. Conversely, when the SQ parents were low in combining 
ability, S]_ segregates exceeded them in topcross performance in 
many instances. No immediate explanation for these results is 
apparent, though it may be a reflection of "regression to the 
population mean". In considering the extent of variation for 
combining ability among SQ and S]_ entries in the material stud­
ied, it might be concluded that inbreeding at the present time 
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would be of limited value. It is possible that superior 
segregates could be found in Sj_, but it would seem that rela­
tively many more 3^ than Sq selections would have to be progeny 
tested to isolate elite combiners for most seed traits. 
Theoretically, the SQ and the average of its should 
be equal in topcross performance if a large enough S]_ sample 
were taken and if random pollination were obtained. This 
theoretical expectation was realized for seed yield and seed 
weight where SQ and 3^ family mean topcross performance, as 
an average of all families, were not significantly different. 
For all characters some fluctuations occurred, with 5^ family 
means sometimes being less and sometimes more than the SQ in 
topcross performance. The failure of generations to behave 
similarly for combining ability for seed characteristics in 
each family was pointed out by the SQ vs. 5^ x families inter­
action, which reached significance at least at the 5% level 
for all traits over both years except for seed weight and 
fertility in 1951- This interaction was most pronounced for 
seed yield and panicle number, where the number of S^ family 
means above their respective SQ in topcross performance was 
about equal to the number below. 
For seed weight the S^ was generally below the SQ but 
not significantly so on the average. With fertility, the SQ 
was consistently higher, with but few exceptions, than the 
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3]_ in topcross performance. This difference was statistical­
ly significant (1% level) over all families. For panicle num­
ber 3]_ families averaged significantly higher (1% level in 
195b and 5% io. level 1957) than the SQ in combining ability, 
though the difference was not large. Since S^ clones were 
originally selected to represent a range in forage yield but 
still to include the two most desirable clones it may have 
been that panicle number was an important factor in deter­
mining which plants were best and, therefore, some selection 
for high panicle number could have been practiced. Evidence 
dealing with correlation of panicle production of the parent 
clones in spaced plantings and of their topcross progenies in 
solid plantings makes this explanation unlikely, however. 
The small number of 3^ plants representing each 3^ line may 
have been a factor also. On a two-year basis, 10 3q family 
means were above their SQ and seven were below in topcross 
performance for panicle number. The higher average perform­
ance of the in comparison with the SQ was primarily due to 
four families where the SQ parents were very low in combining 
ability for panicle number. 
For fertility, the SQ-S^ difference was much more extreme. 
From 9 to 12% of the S T^s were significantly (5% level) less 
than their SQ in topcross performance. This decrease in fer­
tility would tend to substantiate the results presented by 
Elliot (10) and Cheng (6), if it is assumed that selfing of 
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a species having irregular meiotic behavior increases this 
irregularity and that it is reflected in topcross performance. 
Another possible explanation involves both fertility and pan­
icle production. It may be that a physiological balance ex­
ists between these traits. Thus, when panicle numbers in­
crease beyond a certain level fertility or number of seeds per 
panicle is decreased, resulting in a negative correlation be­
tween these two characters. This would explain the 3-j_ aver­
aging above the SQ in combining ability for panicle number and 
below for fertility. However, the actual correlation between 
these two characters was found to be +0.13, which obviates 
this explanation. 
Observed segregation among and within families provided 
ample evidence that combining ability is inherited in brome­
grass. In addition, progeny-parent correlation and regression 
values were obtained to estimate the degree of inheritance of 
combining ability for seed characteristics. All characters 
manifested moderate to high and consistent progeny-parent cor­
relations. The relationship shown by regression of topcross 
performance of S% family means on their respective SQ perform­
ance is often converted to a heritability estimate by multi­
plying by 100. The correlation and heritability values ob­
tained all gave very strong evidence that combining ability 
for seed characteristics studied is a heritable trait. For 
seed weight and fertility, where heritability values were 
73 
high, the SQ gave a good prediction of S-J_ performance. These 
values make possible an estimate of relative gene- number con­
ditioning each of the characters studied if it is assumed 
that characters controlled by a large number of genes are more 
apt to be influenced by environment than characters involving 
only a few genes. On the basis of this assumption, combining 
ability for seed yield was the most complex trait studied 
with panicle number also being dependent on many genes. Com­
bining ability for fertility and seed weight appeared to be 
relatively less complex. In contrast with these results, 
Grissom (15) found the highest heritability values for forage 
yield (481 on a two-year basis) and very low heritability 
values of 19 and 16% for leafiness and leaf disease score, re­
spectively. The similar heritability values for forage yield, 
panicle number and seed yield would indicate approximately 
equal ability of Sq to predict 3^_ topcross performance. 
As association of progeny-parent performance discloses 
the relative ability of parental clones to estimate their 
progeny performance, so may interannual correlations indicate 
the ability of results in one year to predict performance of 
the same material in a different year. For all characters 
studied herein, interannual correlations were relatively high 
and positive, very nearly the same and significant at the 1% 
level, despite the wide difference in growing conditions in 
two seasons. On the basis of such a degree of interannual 
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relationship alone, it could be assumed that perhaps one 
year might suffice in evaluating progenies for seed charac­
ters. Grissom (15) working on forage yield obtained an in­
terannual correlation of 0.39* He concluded that with this 
relatively low correlation several years of testing would be 
desirable. Comparison of interannual correlations for seed 
and forage production would indicate that forage yield is 
genetically more complex and more easily influenced by en­
vironment than seed yield. 
In opposition to the relatively high predictive values 
obtained from interannual correlation were the interactions 
indicated between years and families. Years x families in­
teractions, significant at the 5f=> level for panicle number 
and at the 1% level for seed yield and fertility, were evi­
dence that families failed to react similarly from year to 
year. The moisture conditions were much different in 1956 
than they were in 1957, which would tend to elevate years x 
families interactions above those which would be obtained in 
two, more comparable years. In light of these two seemingly 
contradictory findings it might be concluded that, even though 
significant interactions were present, it would still be pos­
sible to obtain a fairly good indication of future performance 
with one year of testing considering interannual correlations 
of the magnitude found in this study. Certainly one year of 
testing would have furnished a relatively sound basis for dis-
15 
posing of a number of selections which were very low in com­
bining ability for all the traits studied. However, in deter­
mining year to year relationships it would seem that both 
years x families interactions and interannual correlations 
should be taken into consideration in estimating the most de­
sirable number of years for the most precise testing. The 
significance of location effects on performance of combining 
ability for seed traits also merits study. 
In addition to progeny-parent and interannual associ­
ations, another relationship study was of considerable inter­
est because of its possible predictive value. This relation­
ship was the correlation of performance of material in the 
present study with that of the same material or parental 
clones in previous tests. If a good relationship of this type 
existed, it would make possible the selection of high combin­
ing material on the basis of parental clones evaluated in 
spaced or row plantings, thereby eliminating some of the long 
and costly progeny testing in solid plots. On the basis of 
results relating panicle number and fertility to previous 
tests it would appear that panicle production must be evalu­
ated under conditions as close to actual farm practice as 
possible, and that estimates of combining ability must be 
gained from progeny testing. On the other hand, fertility 
as assessed by Raeber (62) on a clonal basis apparently could 
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have been used to predict combining ability of parental clones 
and as a basis for elimination of material low in fertility. 
These results further suggest that panicle production is a 
much more complexly inherited trait than is fertility. 
Intercharacter correlation values also are important in 
a practical breeding program. Although all characters which 
have no physiologic basis for association may reach a certain 
equilibrium where there will be little or no association, con­
sideration must be given in selecting for one character of 
its correlations with other characters. The degree of associ­
ation of seed yield with its components may remain relatively 
the same for comparable groups of material but could change 
with large shifts in gene frequencies for fertility or panicle 
number. On the basis of results obtained in this study, it 
could be concluded that fertility and panicle number but not 
seed weight are actually important components of seed yield. 
Little or no relationship was found to exist between seed 
weight and either of the two primary components of seed yield 
or between the two components themselves. Increasing seed 
yield by selecting for increased panicle production or in­
creased fertility would appear to be feasible. At the same 
time, selection for any one of these traits apparently would 
not have a deleterious effect on the others in the plant mater­
ial studied. 
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The association between combining ability for forage 
yield and for seed yield was determined using forage yield 
data obtained by G-rissom (15) in 1954- and 1955. It was found 
that a highly significant and positive correlation existed 
which was, however, too low to be of significant predictive 
value. The relationship does show, however, that selection 
for high combining ability for either forage production or 
seed production in this material would not adversely influ­
ence the other trait but might actually provide some selec­
tion for it. 
A final objective of this study was to compare the ma­
terial evaluated with a standard check variety to determine 
breeding merits. The recommended variety, Fischer, which 
was the common parent of the topcrosses also was used as a 
check variety. Thus, any topcrosses producing above Fischer 
not only would be desirable agronomically but also must con­
tain genes for high combining ability contributed by the 
mother clone. Fischer was found to be suitable for the se­
lection of desirable germ-plasm since its mean was near the 
mean of the population for all characters studied. It was 
slightly below the mean for seed yield and panicle number but 
above the mean for fertility and seed weight. A formula pre­
sented by G-rissom (15) was utilized to determine which entries 
performed significantly better or poorer than Fischer. It was 
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found that SQ clones performing above Fischer were propor­
tionately as frequent as Sn segregates in combining ability 
for seed yield, fertility and seed weight, indicating that in­
breeding to obtain superior lines for these characteristics 
would not be necessary. However, S]_ segregates superior in 
combining ability for high panicle number were proportionate­
ly about twice as frequent as Sq clones. Therefore, high 
combining lines for panicle number might be obtained more 
readily with a generation of inbreeding. However, among 
plants equal in seed yield performance, those with the lowest 
panicle number would probably be vegetatively more desirable 
from a practical breeding standpoint. Improvement of seed 
production by selection for high combining ability for fertil­
ity therefore, might logically precede selection for high 
combining ability for panicle production. 
In accord with Lonnquist"s (51) statement that combining 
ability is governed by many genes and realizing that forage 
and seed traits should be selected for at the same time, it 
would seem that a desirable method of obtaining superior vari­
eties of bromegrass would be the formation of synthetics by 
selecting for both desirable forage and seed characteristics 
simultaneously. Clones showing high combining ability for 
the traits evaluated in this and Grissomts (15) study, with 
special emphasis being placed upon superiority for forage 
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characters, seed yield and fertility, will be recombined to 
form synthetic varieties. Such synthetics will then be tested 
to determine if any improvement for both forage and seed 
production has been made. Clones especially high in combining 
ability for a particular trait also will be incorporated into 
special recurrent selection programs in attempts to upgrade 
the population in respect to that character. 
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SûïvMARY AM) CONCLUSIONS 
1. The performance of topcross progenies of 18 SQ clones 
of bromegrass and 10 Sn segregates from each was evaluated 
in a replicated, solid-plant test for combining ability for 
seed yield, panicle number, fertility and seed weight. In 
addition, nine varieties and synthetics and topcross progen­
ies of 13 other elite SQ clones were evaluated for the same 
traits. Objectives were to determine extent of variation and 
segregation for combining ability for seed characteristics, de­
gree of relationship between progenies and parents and magni­
tude of interannual correlations. Genetic, environmental and 
phenotypic relationships existing between different seed 
characters and predictive value of the same material or par­
ental clones evaluated in previous tests also were studied. 
The proportion of SQ and S^  topcrosses and other entries per­
forming above the mean of Fischer was utilized as an index 
of breeding merit. Data were obtained in both 1956 and 1957 
on all characters for the present study. 
2. On a two-year basis, the range in mean topcross per­
formance was 138 to 685 pounds of seed per a ere, 62 to 237 
panicles per four square feet, 44.3 to 74.8% for fertility 
index and .262 to .324 grams per 100 seeds. The means of 
all entries on a two-year basis were 406, 152, 61.4 and .284 
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for the same traits, respectively. The mean of Fischer ap­
proached the mean of all entries for each character. Families 
mean squares were significant at the 1% level for all analyses 
except for seed weight in 1957 which reached only the 5% level 
of significance. This large range in topcross performance 
plus the significant differences among families gave substan­
tial evidence of wide variation for combining ability for seed 
characteristics. 
3. F values obtained in variance analyses of each of the 
18 5^  families indicated that segregation occurred within fam­
ilies for combining ability for seed yield, panicle number and 
fertility in 17, 15 and 11 families, respectively, on a two-
year basis at the 5% level. For seed weight all four of the 
families studied in both years appeared to be segregating for 
combining ability within families. Within family mean squares 
for S-^  topcrosses in the split-plot analyses over all families 
were significant at the 1% level for all characters studied. 
This also provided evidence of segregation for combining abil­
ity and indicates that combining ability for the seed traits 
studied is a heritable character. On a two-year basis, the 
four S0 clones highest in combining ability for seed yield, 
panicle n'umber and fertility and the three highest SQ clones 
in combining ability for seed weight exhibited the following 
S]_ results : out of 40 8-^  topcrosses, one for seed yield, two 
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for panicle number and none for fertility significantly (5f= 
level) exceeded their respective SQ topcross in performance. 
Out of 30 Sj_ topcrosses only one exceeded its SQ in topcross 
performance for seed weight. This indicates that the use of 
inbreeding to isolate plants superior in combining ability 
would be difficult and of little practical value consider­
ing the wide range of variation already present among SQ se­
lections. 
4. The genetic correlations of seed yield with panicle 
number, fertility and seed weight were 0.80, 0.73 and -0.02 
in 1936 and 0.69, 0.41 and 0.06 in 1957, respectively. Phen-
otypic correlations were similar but slightly lower. Indica­
tions were that panicle number and fertility but not seed 
weight, were important components of seed yield. Environ­
mental correlations between seed yield and panicle number and 
between seed yield and seed weight were significant (1% level) 
with the greatest degree of association in the dry year of 
1956. Negligible associations between combinations of seed 
weight, panicle number and fertility were found. Correlation 
of mean forage yield for 1954 and 1955 with seed production 
data gave a significant and positive value of 0.22, pointing 
out the possibility of obtaining lines superior in both for­
age and seed production. 
5. The degree of association in topcross performance be­
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tween S]_ progenies and SQ parents was high for fertility and 
seed weight and moderate for seed yield and panicle number. 
Heritability values on a two-year basis were 32, 38, 83 and 
67% for seed yield, panicle number, fertility and seed weight, 
respectively. It was concluded for the characters studied 
that the heritability values tended to decrease as the genetic 
complexity increased. 
6. The opposing effects of high interannual correlations 
(range from 0.58 to 0.68) and significant (1% or level) 
years x families interactions for all traits except seed 
weight were assessed. Indications were that on the basis of 
the interannual correlations one year of testing for seed char­
acters would be sufficient to eliminate decidedly inferior 
material but two or more years probably would be necessary to 
evaluate material for other more precise objectives. 
7. Comparison of performance in this study with results 
obtained from testing of parental material in previous years 
under other methods of planting gave correlation values rang­
ing from 0.00 to 0.22 for panicle number, indicating little 
or no relationship. Correlations of 0.34 to 0.58 for fertil­
ity, however, indicated that evaluation of clonal material 
should be effective for eliminating selections inferior in 
combining ability. 
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8. In a comparison of all 219 entries with Fischer 18, 
10 and four entries appeared to be superior in seed yield, 
panicle number and fertility, respectively, on a two-year-
basis at the 5% level of significance. Only four of 88 en­
tries in 1957 were significantly above Fischer in seed weight. 
9. The significance of the results obtained for seed 
characters in the present study and for forage characteristics 
in a previous test were discussed relative to bromegrass breed­
ing. Considering the variation in combining ability which 
was found for most traits, ample opportunity appears to exist 
for utilizing the material investigated to initiate recurrent 
selection programs for individual characteristics or for re-
combining into promising new synthetic varieties. 
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Table 28. Mer.a topcross performance of 18 S0 clones of bromegrass and 10 Si 
selections from each together with that of 1J> elite S0 clones and 9 














Fertility index3 Panicle numberb 


























6 2 . 8  
55.5 
62.4 








58.9 57.2* 58.0 
48.0* 50.4** 49.2** 
53.2 48.1** 50.6** 
42.4** 49.9** 46.2** 
51.3 58.9 55.1 
49.5* 56.8* 53.1* 
117.0 256.0** 186.5 
98.2 230.4,, 164.3 
122.2 251.4** 186.8 
88.8 187.8 138.3 
127.2 238.4* 182.8 
85.0 245.8* 165.4 
110.4 248.0* 179.2 
112.0 267.8** 189.9 
133.0 259.2** 196.1* 
92.2 199.8 146.0 
94.8 139.6 117.2 
53.6 177.2 115.4 
100.4 116.4* 108.4 
78.0 204.4 141.2 
48.0* 140.8 94.4 
68.2 183.2 125.7 
48.2* 88.6** 68.4* 
Seed yield0 
I956 1957 Two-year 
mean 
67.3 89.0 78.2 
48.2 53.2 50.7 
43.0 63.4 53.2 
42.1 54.0 48.1 
59.3 69.O 64.2 
48.5 107.8* 78.2 
54.7 85.4 70.1 
51.1 82.4 66,8 
83.2** 113.4** 98.3** 
57.0 72.8 64.9 
43.3 63.0 53.1 
29.6 50.2* 39.9 
31.4 25.4** 28.4** 
30.8 40.6** 35.7* 
24.4* 36.8** 30.6* 
28.8 45.2* 37.0 
19.8* 24.0** 21.9** 
W^eight of clean seed per five panicles x 100 
Weight of five panicles 
bNumber of panicles per four square feet 
°Weight of clean seeds expressed in grams per subplot 
S^ignificantly above or below Fischer at the 5% level 
S^ignificantly above or below Fischer at the 1% level 
Table 28. (continued) 
Pedigree 
Fertility index8 Panicle number^  


















































6 6 . 5  


































































81.4* 18.7* 24,4** 21.6** 
101.3 20.5* 34.2** 27.4** 
73.0* 27.2 31.6** 29.4* 
131.0 31.0 45.6* 38.3 
107.0 20.2* 28.0** 24.1** 
124.6 45.0 81.2 63.1 
150.0 63.0 89.0 76.0 
147.9 41.6 46.8* 44.2 
149.7 51.6 70.2 60.9 
98.2 36.7 46.4* 41.6 
142.6 49.8 95.6 72.7 
139.6 54.2 61.8 58.0 
157.8 60.4 79.6 70.0 
161.5 44.3 56.4 50.3 
162.2 56.8 85.6 71.2 
137.8 44.2 55.6 49.9 
175.1 79.9** 87.6 83.8 
184.8 60.7 105.8* 83.3 
165.3 46.0 85.6 65.8 
153.9 52.3 82.0 67.2 
163.2 67.0 93.8 80.4 
142.6 71.2* 80.2 75.7 
143.1 55.3 62.0 58.6 
140.7 55.8 87.4 71.6 
189.9 79.3** 95.2 87.2 
188.3 77.3**106.4* 91.9* 
209.3* 78.0** 84.0 81.0 
vO 
Vn 
Table 28. (continued) 
Pedigree 
Fertility index8 
1936 1957 Two-year T^ JE" 
mean 







































6 6 , 9  
68.4 





















































122.8 221.6 182.7 
161.8** 226.8 194.2 
128.4 221.8 180,1 
168.6** 250.4* 209.5* 
121.4 199.4 165.4 
90.2 175.8 122.0 
177.2** 271.2** 224.2** 
06,4 175.4 120,9 
105.6 227.2 166,4 
46.0* 155.6 100.8 
114.2 202.8 159.0 
80.2 159.2 119.7 
115.4 199.8 157.6 
120.6 202.2 161.9 
99.4 185.8 142.6 
107.0 192.4 149.7 
102.6 156.4 129.5 
106.8 161.2 134.0 
112.8 225.8 169.8 
110,2 160.2 125.2 
96.2 167.0 121.6 
102.6 197.4 150,0 
46.2* 141.0 92.6 
46.6* 162.0 104,2 
96.2 205.8 151.0 
20.2** 92.2** 61,7** 
72.6 222.2 148.4 
25.4* 120.6* 78,0* 



























































Table 28. (continued) 
Pedigree 
Fertility index8 







-16 57.7 70.5^  64.1 
-17 56.9 58.1* 57.5 
-19 60.3 56.0* 58.2 
-20 59.0 66.4 62.7 
61.9 59.2^  60.5 
-2 57.1 55.1** 56.1 
-5 69.4** 61.9 65.6 
-5 60.) 58.6 59.4 
-6 61.8 63.8 62,8 
-9 59.5. 59.0 59.3 
-12 50.2* 58.8 54.5 
-13 62.9 62.2 62.6 
-16 64.5 66 » 1 65.3 
-18 60.9 61.4 61.2 
—20 60.8 65.5 63.2 
69.5** 68.9 69.2 
-2 63.2 61.9 62.5 
-3 68.2* 62.9 65.5 
-6 63.9 59.0 61.5 
-7 58.8 58.7 58.8 
-9 57.3 56.1* 56.7 
-11 52.5 67.1 59.8 
-14 55.7 53.9** 54.8 
-16 o0.6 65.5 63.0 
-17 66.7* 65.8 66.3 







45.2* 133.8 89.5 21.2* 88.4 54.8 
89.2 205.2 147.2 38.1 54.4 46.2 
93.8 212.8 153.3 32.6 76.6 54.6 
65.6 149.0 107.3 37.8 64.6 51.2 
151.2* 207.6 179.4 75.8* 67.4 71.6 
90.2 168.0 129.1 57.2 76.2 66.7 
199.0** 275.6** 237.2** 88.8**103.4* 96.1* 
106.0 164.6 135.3 54.7 65.2 59.9 
139.0 204.6 171.8 50.9 73.0 61.9 
144.0* 217.4 180.7 64.4 64.2 64.3 
135.0 239.8* 187.4 59.0 79.6 69.3 
124.8 196.2 160.5 54.2 72.8 63.5 
129.2 209.4 169.3 77.1* 101.2 89.1* 
151.8* 227.6 189.7 67.8 73.2 70.5 
104.2 202.0 153.1 64.4 70.8 67.6 
112.2 181.8 147.0 61.3 51.8* 56.6 
84.8 134.6 109.7 51.4 58.6 55.0 
124.0 151.8 137.9 55.2 60.4 57.8 
107.8 185.4 146.6 62.3 89.8 76.0 
112.6 198.0 155.3 54.7 70.2 62.4 
108.0 231.4 169.7 53.9 71.0 62.4 
58.8 140.2 99.5 25.6 33.4** 29.5* 
134.4 191.8 163.1 54.4 63.2 58.8 
73.4 114.8* 94.1 39.9 36.2** 38.1 
110.4 177.8 144.1 55.1 108.2* 81.6 
97.6 160.4 129.0 33.0 50.6* 41.8 
<o 
Table 28. (continued) 
Fertility index8 Paniole number^  Seed yield0 
Pedigree 
1956 1957 Two-year 1956 1957 Two-year 
mean mean 





65.6 62.6 64.1 110.0 178.0 144.0 68.7 46.4* 
-1 62.7 69.0 65.8 116.8 177.2 147.0 58.2 65.O 
-3 59.1 65.4 61.2 112.2 180.0 146.1 55.3 6^ .2 
-6 62.6 52.1** 57.4 117.0 172.6 144.8 64.9 39.0** 
-7 63.8 62.5 63.1 123.0 213.4 168.2 73.7* 56.6 
-8 62.2 62.9 62.6 87.8 227.0 157.4 48.7 o0,4 
-9 66.6* 70.2 68.4 87.0 145.2 116.1 61.3 76.8 
-10 66.2 65.2 65.7 99.4 199.0 149.2 59.4 48.8* 
-11 58.0 61.0 59.3 123.0 219.6 171.3 57.8 52.0* 
-16 60.9 68.6 64.8 143.0* 220.8 181.9 76.3* 99.0 
-18 59.1 64.9 62.0 130.2 181.0 155.6 72.4* 79.6 
60.5 &5'3, 62.9, 85.0 189 • 2 137.1 51.3 89.8 
-l 50.4* 55.0** 52.7* 105.6 207.0 156.3 50.2 64.8 
-2 45.7** 63.9 54.8 125.8 184.4 155.1 48.0 49.2* 
-3 58.0 63.3 60,6 119.4 205.0 162.2 63.1 106.8* 
—4 62.5 66.9 64.7 99.2 218.4 158.8 75.0* 64.6 
-7 33.2 33.5** 53.4* 87.O 178.8 132.9 4). 8 65.8 
-9 59,7 65.6 62.7 94.2 2)4.8* 164.5 54.0 95.4 
-10 37.6 65.7 6l,6 70.0 186.0 128.0 42.0 105.8* 
-13 62.9 62.9 62.9 90.2 174.6 132.4 50.3 73.6 
-14 49.8* 61.8 55.8 110.6 187.8 149.2 42.6 79.0 
-15 58.9 63.0 61.0 113.4 169.0 141.2 53.1 63.4 
58.1 62.3 60.2 64.4 171.0 117.7 32.1' 35.2** 
-2 60.0 59.4 119.6 243.6* 181.6 53.7 69.8 
-4 48.6* 6l.l 54.8 74.2 154.0 114.1 37.0 43.4** 
-7 56.7 41.8** 49.3** 122.8 275.4** 199.1* 53.1 59.8 
-9 37.4 49.1** 33.2* 134.2 253.6** 193.9 49.1 69.8 





























Table 28. (continued) 
Fertility index8 Panicle numberb 
1956 ~ 1957 Tv/o-year 1956 1957 Two-year 
Seed yield0 
I9551957Two-year 
Pedigree mean mean mean 
526 (continued) 
-11 61.3 53.5** 57.4 88.0 198.0 143.0 46.7 55.0 50.8 
-17 58.9 57.2* 58.0 89.0 182.0 125.5 44.0 50.2* 47.1 
-18 58.4 63.4 60.9 57.6 166.8 112.2 29.1 50.2* 39.6 
-19 57.1 61.9 59.5^  87.2 192.4 129.8 48.2 58.2 53.2 
-20 55.2 41.8** 48.5** 99.4 182.6 141.0 55.6 36.0** 45.8 
527 64.8 63.3 64.0 125.4 206.4 165.9 80.1** 129.0** 104.5** 
-3 65.1 70.0 67.5 102.4 246.4* 174.4 72.9* 141.0** 106.9** 
-5 58.0 55.8* 56.9 137.2 269.6** 203.4* 56.4 80.0 68.2 
-7 59.4 69.2 64.3 126.6 262.2** 194.9 64.9 106.4* 85.6 
-11 62.2 68.5 65.4 110.6 217.8 164.2 65.4 114.4** 89.9* 
-12 67.9* 64.7 66.3 134.6 252.0** 193.3 68.6 89.0 78.8 
-12 59.8 63.0 71.4 106.6 244.6* 175.6 52.4 72.8 62.6 
-15 57.7 58.4 58.1 152.6* 264.4** 208.5* 71.0* 76.8 73.9 
-16 56.2 58.9 57.6 128.4 241.8* 185.1 55.4 91.8 72.6 
-19 62,6 61.6 62.1 108.4 227.0* 172.7 64.6 110.2* 87.4 
-20 65.5 62.0 63.7 115.0 245.2* 180.1 58.5 122.0** 90.2* 
529 59.5 62.0 60.8 125.4 212.2 174.3 63.5 78.6 71.0 
-1 55.9 60.0 57.9 128.6 196.4 162.5 59.1 71.2 65.1 
-2 51.5 60.6 56.1 129.8 226.4 183.1 55.8 92.6 74.2 
60.8 55.0** 57.9 117.6 215.4 166.5 55.5 74.8 65.2 
-5 55.0** 55.4 117.2 224.0 175.6 49.5 74.8 62.1 
-7 46.3** 58.1* 52.2* 142.6* 240.8* 192.2 47.8 87.4 67.6 
-8 58.8 61.5 60.2 161.6 212.8 187.2 56.2 50.8* 52.5 
-9 55.4 61.4 58.4 89.4 154.2 121.8 41.8 69.0 55.4 
-10 60.0 57.2* 58.6 129.8 257.8** 193.8 58.7 65.8 62.2 
-16 59.0 54.9** 57.0 145.0* 226.8 185.9 52.6 65.0 58.8 
-19 60.1 54.2** 57.2 129.6 221.6 175.6 51.2 69.8 60.5 
M3 
XO 
Table 28, (continued) 
Pedigree 
Fertility index8 Panicle number*3 Seed yield0 
1956 33*57 Two-year 1956 1957 Two-year 1956 1957 Two-year 




64.5 62.0 63.3 112.8 192.8 
-2 60.7 63.5 62.1 150.0* 225.8 
-3 61.6 62.5 62.0 102.0 188.2 
-5 62.3 63.7 63.0 110.0 214.6 
-7 60.4 53.9** 57.1 128.0 216.2 
-10 61.1 61.5 61.3 137.8 171.2 
-11 65.6 66.7 66.2 138.8 206.6 
-14 52.6 55.5* 54.1* 121.4 212.2 
-15 63.3 60.3 61.8 107.8 176.0 
-16 64.3 63.1 63.7 127.2 161.4 
-18 63.2 58.6 60.9 113.6 188.6 
59.0 66.4 62.7 59.0 105.0** 
-1 63*7 ^  66.1 64.9 114.0 177.6 
-2 70.4** 66.8 68.6 152.2* 201.6 
-4 67.2* 67.7 67.5 87.0 167.8 
-8 63.9 57.8* 60,8 135.6 262.2** 
-9 64.9 67.0 66.0 122.4 187.4 
-10 64.7 58.8 61.8 145.0* 221.2 
-12 62.5 64.8 63.7 131.2 214.2 
-15 63.5. 67.7 65.6 124.8 220.0 
-18 67.7* 60.2 64.0 143.8* 220.4 
-20 63.9 65.9 64.9 142.0* 239.0* 
62.6 55.5* 59.0 107.0 202.0 
-1 56.6 63.7 60.2 134.4 226.4 
-2 57.5 58.6 104.4 249.0* 
-5 62.6 56.3* 59.5 114.4 203.2 
-6 62.3 68.1 65.2 104.6 201.2 
-7 55.7 62.1 58.9 113.6 191.6 
152.8 64.1 64.4 64.3 
187.9 71.5* 82.8 77.6 
145.1 59.2 60.6 60.0 
162.3 61.0 104.0* 82.5 
172.1 70.6* 80.4 75.5 
154.5 81.2** 97.6 89.4* 
172.7 72.1* 61.8 67.0 
167.3 55.4 58.2 56.8 
141.9 55.2 72.8 64.1 
144.3 52.2 27.2** 45.2 
151.1 54.1 70.0 62.0 
82.0 28.2 28.2** 28.2** 
145.8 62.4 67.8 65.1 
176.9 87.9 120.4** 104.1** 
127.4 67.5 96.6 82.1 
199.4* 82.7**129.4** 106.0** 
154.9 77.2* 81.6 79.4 
183.1 68.6 82.0 75.8 
172.7 72.8* 84.0 78.4 
177.4 70.8* 99.2 85.0 
I82.I 77.2* 112.6** 94.9* 
190.5 75.0* 109.0* 92.0* 
154.5 46.7 82.6 65.2 
180.4 58.8 89.8 74.3 
176.7 26.8 65.2 51.0 
158.8 52.1 52.6 52.9 
152.9 46.9 68.2 57.5 
152.6 46.8 61.6 54.2 
H O O 
Table 28, (continued) 
Pedigree 
Fertility index8 





_ Seed yield0 
"19 5 & 1957 Two-year 
mean 
567 (continued) 
-8 59.8 66.1 63.0 73,0 
-10 63.1 60.6 61.9 90,4 
-15 59.2 57.0* 58.1 127.0 
-17 59.3 61.3 60.3 98,4 
-20 64,0 63,6 63.8 102.4 
570 66.2 70.4 68.3 98.4 
-2 67.3* 65.7 66,5 102.4 
-3 57.5 62.0 59.8 60.8 
65.3 61.3 63.3 110.8 
-6 52.3 59.3 55.8 109,6 
-8 54.6 62.7 58,6 122,0 
-13 65.1 61.9 63.5 129.4 
-14 66.1 63.9 80.2 
-15 70.0** 70.0 70.0 94.2 
-17 68.1* 64.9 66,5 146,0* 
-18 59.8 65.2 62.5 109.4 
283 54.0 48,6** 51.3* 130,2 
399 60.3 56.7 105.2 
404 71.4** 67.2 69.3 119.0 
457 62.0 63.4 62.7 78.0 
466 66,0 69.8 67.9 68.4 
471 59.1 61.3 60.2 108.8 
475 61.9 62.9 62.4 148.2* 
521 67.1* 64.4 65.8 89.20 
533 59.5 64.5 62,0 61.6 
561 68.1* 61.5 64.8 120.4 
566 63.7 65.9 64,8 60.2 
184.4 128,7 41,4 42,8** 42.1 
167.6 129,0 46.6 49,2* 47.9 
231,2 179,1. 51.1 64.0 57.6 
190.6 144.5 44.6 49.4* 47.0 
207.8 155.1 51.8 67,2 59.5 
208.2 153.3 63,3 99.4 81.4 
213.4 157.9 62,9 88,6 75.7 
168,2 114,5 21.0 44,8* 27.9 
151.4 131.1 56.7 65.6 61.2 
173.4 141.5 42,5 6L,6 52.0 
214,6 168.3 69.6 92.4 81.0 
198.6 164.0 51.0 81.0 66.0 
175.4 127.8 59.0 77.0 68.0 
204.8 149.5 55.5 100.2 77.9 
192.4 169.2 67.8 74.2 71.0 
187.0 148.2 60.9 70.2 65.6 
233.4 181.8 49.7 72,2 61,4 
208.2 156.7 50.4 74,8 62,6 
226.2 172,6 57.7 114.2** 86,0 
171,8 124.9 44.9 70.2 57.6 
146.2 107,3 46.6 43,4** 45.0 
170.8 139.8 48.3 57.4 52.8 
205.6 176,9 69.8 97.6 82.7 
226.8 158,0 56.0 99.8 77.9 
163.0 112.3 34,8 56,4 45.6 
234.8* 177.6 78.5** 119.0** 98.8** 
113.0 86,6 24.4 29.4** 21.9 
Table 28. (continued) 
Fertility index9 Panicle number^  6 Seed yield0 
1955 1957 Two-year 19% 1957 Two-year 1956 1957 Two-year 
Pedigree mean mean mean 
578 65.4 65.0 65.2 110.6 213.6 162.1 68.4 97.8 82.1 
585 57.9 57.2* 57.6 96.4 204.2 150.3 40.8 72.0 56.4 
BR-5 65.4 61.9 63.7 137.2 157.8 147.5 52.6 60.6 56.6 
Fischer 58.5 &7. ^  63.0 95.6 181.2 158.4 47.3 77.6 62.5 
Lincoln 57.9 57.5* 57.7 85.4 209.8 147.6 55.1 81.2 68.2 
Lyon 56.1 61.7 58.9 75.4 233.8^ 154.6 41.6 66.6 54.1 
Lancaster 58.1 60.4 59.2 114.8 235.4* 175.1 47.5 76.6 61.9 
Nebraska 23 60.1 63.3 61.7 101.4 256.0* 168.7 45.5 o4.6 55.0 
M2-11514 (Al­
167.6** aska) 66.7 65.8 180.4 174.0 54.6 65.6 60.1 
Southland 67.1* 61.0 64.0 82.2 180.0 131.1 50.7 74.2 62.4 
Canadian 
Northern 61.7 64.1 62.9 152.4* 211.4 181.9 58.9 49.2* 54.0 
103 
Magnitude of differences between the mean of an indi­
vidual entry in one whole plot and the mean of an individual 
entry in another whole plot necessary for significance: 
1956 1957 1956 and 1957 
5% 1% 5% 1% 5% 1% 
Fertility index 8.0 10.6 9.2 12.3 8.9 11.7 
Panicle number 46.0 60.9 53.2 70.1 56.5 74.7 
Seed yield 22.7 30.0 25.1 33.1 25.7 33.9 
104 
Table 29. I'ean seed weights in grams per 100 seeds for top-
cross progenies of certain SQ and 3^  clones and 
varieties in 19.56 and 1957 
Seed weight Seed weight 
Pedigree (gms/100 seeds) Pedigree (gms/100 seeds) 
1956a 1957%> 1956 1957 
596 .269 .314 482 .234 .308 
-2 .312. -2 .239 .288"* 
-3 .290* -3 .231 .292* 
-4 .310 -5 .242 .308 
-5 .326 -6 .236 .308 
—6 .298 -9 .243 .306 
-7 .308 -12 .236 .330 
-10 .308 -13 .242 .286** 
-12 .306 -l6 .260 .314 
-14 .324 -18 .239 .310 
-15 .308 -20 .253 .312 
420 .263 .308 527 .261 .310 
-2 .242 .294* -3 .271 .318 
-3 .248 .294* -5 .275 .316 
-5 .260 .300 -7 .259 .312 
—6 .258 .298 -11 .258 .318 
-7 .263 .316 -12 .247 .314 
-12 .265 .302 -13 .254 .306 
-14 .256 .322 -15 .261 .294* 
-15 .253 .306 -16 .263 .312 
-16 .239 .314 -19 ,275 .316 
-20 .249 .296 -20 .242 .500 
430 .286 .322 538 .237 .308 
-1 .278 .324 -1 .316 
-2 .298 .316 -3 .296 
-3 .273 .328 -4 .320 
-4 .276 .326 -8 .298 
-6 .262 .288** 
-9 .290* 
-8 .249 .306 -10 .322 
-9 .238 .298 -12 .292* 
-14 .294 .334** -15 .300 
-17 .276 .330 -18 .294* 
-19 .280 .322 -20 .298 
a195é data were not compared with a check variety 
*D1957 data were compared with the variety Fischer 
S^ignificantly above or below Fischer at the 5% level 
**Significantly above or below Fischer at the 1% level 
Table 29. (continued) 
105 
Seed weight Seed weight 
Pedigree (gms/lOO seeds) Pedigree (gms/lOO seeds) 
1956a 1957k 1956 1957° 
383 .340* 391 .241 .292 
299 .324 401 .253 .300 
404 .312 455 .271 .316 
457 .310 478 .247 .294 
466 .296 503 .255 .282 
471 .330 505 .273 .308 
475 .308 510 .275 .326 
521 .322 526 .250 .284 
522 .320 529 .274 .324 
561 .318 530 .257 .300 
566 .306 567 .265 .282 
578 








Nebraska 23 .302 
M2-11514 (Alaska) .344** 
Southland .310 
Canadian Northern .322 
^Entries not included in split-plot analysis of variance 
and therefore not comparable with Fischer 
Difference between the mean of an individual entry in 
one whole plot and the mean of an individual entry in another 
whole plot necessary for significance in 1957 = .021 at the 
five percent level and .028 at the one percent level 
